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H (TO) 

M. 

Po 

Poo 

q,= 

Reco, Re=/ft 

T O 

V® 

X, XSURF 

P® 

8 

NOMENCLATURE 

Heat transfer coefficient based on To, BTU/ft 2- 
sec-°R 

FreestreamMach number 

Tunnel stilling chamber pressure, psla 

Freestream static pressure, psla 

Freestream dynamic pressure, psia 

Freestream Reynolds number, ft -I 

Tunnel stilling chamber temperature, °R 

Freestream velocity, ft/sec 

Model surface length, in. 

Model angle of attack, deg 

Model roll angel, deg 

Freestream density, slugs/ft 3 

Body surface angle 

Circumferential location of pressure orifice 
and heat gages (positive clockwise looking 
upstream), deg 
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1.0 INTRODUCTION 

The work reported herein was sponsored by the Space and Missile 
Systems Organization (SAMSO), Air Force Systems Command (AFSC) and the 
Research Division of the Directorate of Test Engineering (DOTR), of 
the Arnold Engineering Development Center (AEDC), AFSC under Program 
Element 63311F AF control number 627A-00-8. The work was performed by 
ARO, Inc., AEDC Division, (A Sver~rup Corporation Company), contract 
operator of AEDC, Arnold Air Force Station, Tennessee. Project moni- 
tors were Capt. R. J. Chambers and Mr. E. R. Thompson for SAMSO and 
AEDC, respectively. ARO project monitor and principal investigator 
was Dr. M. O. Varner. Inquiries to obtain copies of the test data 
should be directed to either of the following: SAMSO/RSSE, P. O. Box 
92960, Worldway Postal Center, Los Angeles, CA 90009, Attn: Capt. 
R. J. Chambers; AEDC/DOTR, Arnold AFS, TN 37389, Attn: E. R. Thompson. 
A copy of the final data is on file in microfilm at AEDC. 

Tests were conducted in the 50-in. Diam Hypersonic Wind Tunnel (B) 
of the yon Karman Gas Dynamics Facility (VKF) on January 23, 30, and 
31, 1978, under ARO Project No. V41B-W6. The objective of the test was 
to determine the smallest boundary-layer trip which was effective without 
producing flow-field disturbances. This test phase was planned as a 
preliminary investigation for a more detailed study of boundary-layer 

trip influences. 

Heat-transfer measurements were obtained to identify transition 
locations. Flow-field data were obtained with pitot probes and both 
shielded and unshielded total temperature probes. Model surface 
pressure and temperature distribution were also obtained. A new on- 
board probe system was also used during this test phase. 

-- All data were obtained at a nominal Math number of 6 at free-stream 
Reynolds numbers ranging from 1.0 x 106 to 4.7 x 106 per ft. Most 
of the data were obtained at angles of attack up to 14 degs. Configu- 
rations tested included a 7-deg cone and a 14/7 deg (i.e., a 14 deg fore 
cone section with a 7 deg aft cone frustum) biconic. Spherically 
blunted nose tips were tested with nose radii ranging from 0.050 in. 
to 0.500 in. Tests were also performed with the 7-deg sharp nose tip 

cone configuration. 

2.0 APPARATUS 

2.1 TEST FACILITY 

Tunnel B is a closed circuit hypersonic wind tunnel with a 50-in.- 
diem test section. Two axixsymmetric controured nozzles are available 
to provide Math numbers of 6 and 8 and the tunnel may be operated con- 
tinuously over a range of pressure levels from 20 to 300 psia at Mm = 6, 
and 50 to 900 psia at M~ = 8. Stagnation temperatures sufficient to 
avoid air liquefaction in the test section (up to 1350°R) are obtained 
through the use of a natural gas-fired combustion heater. The entire 
tunnel (throat, nozzle, test section, and diffuser) is cooled by integral, 

i 

°:,' , .. , 
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external water Jackets. The tunnel is equipped with a model injection 
system, which allows removal of the model from the test section while 
the tunnel remains in operation. The general arrangement of Tunnel B 
is illustrated in Fig. I. 

i 

2.2 TEST ARTICLE 

Two model configurations were tested in this phase: (i) a 7-dee 
half angle cone with a ~irtual length of 40 in. and (2) a biconic model 
with a 14-deg half-angle forebody and a 7-deg afterbody (total virtual 
length of 29.849) as shown in Fig. 2. Nose radii of 0.050, 0.100, and 
0.500 in. were tested on the conical model in addition to a baseline 
sharp nose configuration. The biconic model was tested with nose radii 
of 0.050 and 0.500 in. Model components were fabricated from Type 304 
stainless steel. 

The models were instrumented with pressure orifices and Gardon- 
type heat-flux gages. Table 1 (Appendix 2) lists the instrumentation 
locations and shows that the top centerline was the main ray of pres- 
sure instrumentation and the bottom centerline was the ray instrumented 
with Gardon gages. At three statlons, pressure orifices were also in- 
stalled at 90-deg intervals around the model. 

Boundary-layer trips consisted of distributed roughness formed by 
Carborundum@grit, machined helical grooves or roughness generated by 
blasting the surface with grit. The geometry and location of the trips 
are shown in Fig. 3. 

2.3 TEST INSTRUMENTATION 

2.3.1 Test Conditions 

Tunnel B stilling chamber pressure is measured with a 200- or 1000- 
psid transducer referenced to a near vacuum. Based on periodic compari- 
sons with secondary standards, the accuracy (a bandwidth which includes 
95-percent of residuals, i.e. 20 deviation) of the transducers is estimated 
to be within ±0.25 percent of reading or ±0.30 psi, whichever is greater 
for the 200-psid range and ±0.25 percent of reading or ±0.8 psi, whichever 
is greater for the 1000-psld range. Stilling chamber temperature measure- 
ments are made with Chrome'l~-AlumelQYthermocouples which have an accuracy 
of ±(1.5°F + 0.375 percent of reading) based on repeat calibrations (20 
deviation). 

2.3.2 Test Data 

The Tunnel B pressure system is equipped with i- and 15-psid 
transducers which are referenced to a near vacuum. The system auto- 
matlcally selects the transducers and calibrated ranges for best pre- 
cision for each pressure measurement. Based on periodic comparisons 
with secondary standards, the accuracy of these transducers (bands that 
include g5 percent of residuals i.e.~2o deviation) is estimated to be 
±0.2 percent of reading or ±0.01 psi, whichever is greater, for the 15- 
psid transducers and ±0.2 percent of reading or ±0.0015 psi, whichever 
is greater, for the l-psld transducers. 

5 
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2.3.3 Heat-Transfer Measurements 

Heat-transfer data were obtained with 0.125-in. diam Gardon- 
type heat-flux gages with Iron-Constantan case thermocouples used to 
evaluate an effective wall temperature for determining heat-transfer 
coefficient and for monitoring the model structural temperature level 
and distribution. The estimated uncertainty in the gage calibration 
factor is ±5 percent. Details of this type of gage are available in 
Ref. i. 

2.3.4 Flow-Field Measurements 

Two separate probing systems were used to perform the boundary 
layer and flow-field surveys. One system was attached to the model 
sting and was equipped with a pitot tube, an unshielded thermocouple 
probe, and a shielded thermocouple probe. An overhead probe system 
was mounted on the wind tunnel and was instrumented with a pitot 
tube and an unshlelded thermocouple probe. 

I 

Both the shielded and unshielded thermocouple probes were made 
with Chromel-Alumel thermocouples which had an estimated uncertainty 
of ± (I.5"F + 0.375 percent of reading). 

The sting-mounted pitot probe pressure was measured with the stan- 
dard Tunnel B pressure system. Overhead system pitot pressure was 
measured with a 15-psid Druck® transducer which has an estimated un- 
certainty of ±0.009 psia. A near-vacuum reference pressure was used 
with the Druck transducer. 

Near-vacuum reference pressures for the transducers used in this 
test were measured with a Hastings absolute pressure transducer. 

2.4 SURVEY PROBES 

2.4.1 Geometry Details 

Both the overhead and sting-mounted pitot probes were fabricated by 
flattening a 0.024 in. O.D. (0.020 I.D.) tube as shown in Fig. 4. This 
procedure produced a probe tip thickness of 0.010 in. with an open slit 
of 0.005 in. height. The actual measured dimensions of the two pitot tubes 
used in this test are presented on Fig. 4. 

Figure 5 illustrates the geometry of the unshielded (Fig. 5a) and 
shielded (Fig. 5b) thermocouple probes. The unshielded total tempera- 
ture probe was fabricated by the VKF from a length of sheathed thermo- 
couple wire (O.010-in. O.D.) with two 0.0015-in. diameter wires. The 
wires were bared for a length of about 0.015 in. and the thermocouple 
junction formed. The probe was used in this form without a shield. 
Figure 5b shows that a manufacturer~prepared thermocouple junction was 
installed through a insulating sleeve to form the shielded thermocouple 
probe. Four 0.0074-in. dlam vent holes were drilled in the shield tube. 



2.4.2 Ca]Ibration 

The recovery temperature characteristics of each total temperature 
probe were calibrated in the inviscld portion of the model flow field 
and in the tunnel free-stream flow. Calibration data for the unshie]ded 
probes were expressed in the form of recovery factor as a function of 
Reynolds number. Shielded probe recovery was obtained as a function 
of both Reynolds number and Mach number. 

2.5 SURVEY MECHANISMS 

The overhead probe drive system illustrated in Fig. 6 was designed 
and fabricated by the VKF. The positioning mechanism is housed above 
a port in the top of the Tunnel B test section. Access to the test 
section is through a 40-in.-long by 4-in. wide floor opening which can 
be sealed by a pneumatically-operated door. Separate'drive motors are 
provided to (I) insert the mechanism into the test section or retract 
it into the housing, (2) position the mechanism at any desired axial 
station over a range of 35 in. with a precision of ±0.01 in., and (3) 
probe a flow field of approximately 10-in. depth with a precision of 
±0.001 in. The drive axis inclination of the probe support can be 
adjusted, but all surveys obtained during this test phase were taken 
with the probe travel normal to the model axis (i.e. no drive axis 
inclination). An offset strut was used in this test to permit surveys 
to be made near the model base. The strut is equipped with a pneu- 
matically-operated shield to protect the probes during injection and 
retraction throught the tunnel boundary layer and during tunnel con- 
dition changes. 

The sting-mounted probe package shown in Fig. 7 was designed and 
fabricated by the VKF. A drive motor and position potentiometer were 
enclosed in an "L"-shaped sheet metal housing which had water tubes 
for cooling. The system has a vertical drive with a position resolution 
of ±0.001 in..Total vertical travel of the system is approxlma~ely 4 
inches. 

Calibration of the probe drive was checked optically with an optical 
micrometer. Relative position and lateral spacing of the probes was also 
confirmed with an optical micrometer. 

3.1 

3.0 TEST DESCRIPTION 

TEST CONDITIONS AND PROCEDURES 

3.1.1 General 

A summary of the  nominal t e s t  conditions a t  each Mach number is given 

below: 

M~ Po' psia T ,°R 
o 

5.91 55 845 
5.94 131 i 
5.95 250 T 

P®, ft 3 

2.98 x 10 -5  
7.06 x 10 --5 

13.37 x 10 -5  

V®, ftlsec 

2981 
2982 
2983 

P~o, psia 

0.037 
O. 088 
0.167 

R e = / f t  x 10 .6  

1.0 
2 .5  
4 .7  



Table 2 contains a summary of all configurations and test 
variables. 

The objective of this test phase was to determine the smallest 
boundary-layer trip that would bring transition near the trip without 
introducing disturbances in the flow field. A boundary-layer trip 
that brought the end of transition in the vicinity of the first heat 
gage (see Table i for gage locations) was considered effective and 
suitable to be studied in more detail. This initial approach was 
taken since the ultimate goal is to fix the end of transition on the 
forebody of the biconic configurations to be studied in detail in 
later test phases. 

3.1.2 Data Acquisition 

Transition location at zero angle of attack was determined from 
heat-transfer distributions obtained wSth the Gardon heat-flux gages. 
Prior to each run, the model was cooled by flowing air over the model 
to obtain a uniform wall temperature near room temperature (i.e. 
approximately 520°R). The model was injected into the tunnel flow 
for about five seconds while a continuous record of gage output was 
recorded. 

Two additional types of heat-transfer data were obtained to pro- 
vide information about the circumferential transition distribution 
at angle of attack. One data mode was performed by rolling the model 
at a fixed angle of attack while continuously recording the gage out- 
put. These data provided a circumferential map of transition location. 
The second dynamic data mode involved obtaining a continuous record of 
gage output with the model moving in the pitch plane at approximately 
i deg/sec. These data are useful in defining the movement of tran- 
sition along the windward and leeward model rays with angle of attack. 

Surface-pressure data were obtained on primary configurations such 
as the sharp cone baseline body and configurations with selected bluntness/ 
trip combinations, 

Flow-field surveys consisted of approximately 50 data points obtained 
at different heights above the model surface at a station 0.5 in. (sur- 
face distance) forward of the model base (see Fig. 8). The probe direction 
of travel was normal to the model centerline. Both total temperature and 
pitot pressure measurements were made simultaneously along with model wall 
pressure and temperature data at the probe station. Data were recorded 
after the pitot pressure had stabilized. The total survey distance probed 
was approximately 4 inches. Procedures used for both the on-board and over- 
head probes were identical. 

Initial probe positioning on the model wall was monitored optically 
with a high resolution (525 lines/frame) closed-circuit television 
(CCTV) system. The camera was fitted with a telescopic lens system 
which gave a total magnification factor of 38 (from tunnel centerline 
to monitor picture). The television image was used to verify contact 



between the pltot tube and the model wall before obtaining the first 
data point in a survey. Television monitoring also made it possible to 
evaluate the deflection of unshlelded thermocouple probes caused by the 
aerodynamic loading. This deflection was estimated to be nominally 0.010 
in. 

3.2 DATA REDUCTION 

Although some portions of the data reduction used in this study were 
fairly standard, the flow field probe data included an evaluation of several 
boundary layer parameters including the definition of the boundary layer 
thickness, displacement thickness, momentum thickness, kinetic energy 
thickness, and total enthalpy thickness. Also, special data reduction 
procedures were needed to correct the shielded and unshielded total tempera- 
ture probe measurements. A complete summary of the data reduction procedures 
used in this study are included in Appendix III. 

3.3 UNCERTAINTY OF MEASUREMENTS 

3.3.1 General 

The accuracy of the basic measurements (Po and To) was discussed in 
Section 2.3. Based on repeat calibrations, these errors were found to 
be 

AP o AT o 
--= 0.0025 = 0.25%, --/- = 0.005 = 0.5% 
Po ~o 

Uncertainties in the tunnel free-stream parameters and the model 
aerodynamic coefficients were estimated using the Taylor series method 
of error propagation, Eq. (i), 

2 2 2 laF (I) 
(AF) 2 = %F AX I + AX2 + AX3 .... + i~X 

\ n / 

where AF is the absolute uncertainty in the dependent parameter 
F = f(X1, X2, X 3 ... X n) and X n is the independent parameter (or basic 

measurement). AX is the uncertainty (error) in the independent measure- 
ment (or variable~. 

3.3.2 Test Conditions 

The accuracy (based on 2o deviation) of the basic tunnel parameters, 
p and T , (see Section 2.3) and the 20 deviation in Mach number determined 
f~om tes~ section flow calibrations were used to estimate uncertainties 
in the other free-stream properties using Eq. (I). The computed uncertaintie~ 
in the tunnel free-stream conditions are summarized in the following 
table. 



M Re/ft x 10 -6 

Uncertalnty~ (±) percent of actual value 

M o p~ q~ Re /ft p.V. 

5.91 1.0 0 .3  2.1 1.4 1.0 1.3 
5.94 2.5 0.2 1.0 0.7 0.7 0,9 
5.95 4.7 0 .2  1.0 0.7 0.7 0.9 

P~ 

1.4 
0.7 
0.7 

3.3.3 

Model surface pressure and on-board pitot probe data uncertainties 
are discussed in Section 2.3.2. Summarizing, measurements at pressure 
levels at I psia or less have an estimated uncertainty of ±0.2 percent of 
reading or ±0.0015 psi, whichever is greater. Measurements above I psia 
have an estimated uncertainty of ±0.2 percent of reading or ±0.01 psi, 
whichever is greater. Overhead probe instrumentation is discussed in de- 
tail in Section 2.3.4 in which an estimated pltot pressure uncertainty is 
±0.009 p s i a .  

To ta l  t e m p e r a t u r e  measurements  from bo th  the  s h i e l d e d  and the  un-  
s h i e l d e d  the rmocouple  p robes  i s  e s t i m a t e d  to be ±(1 .5°F  + 0.375 p e r c e n  t 
of  t he  r e a d i n g ) .  Conse que n t l y ,  because  d a t a  were o b t a i n e d  under  h o t  
wa l l  c o n d i t i o n s  ( a p p r o x i m a t e l y  a d i a b a t i c ) ,  t he  e s t i m a t e d  u n c e r t a i n t y  
in the probe measurements throughout the flow field surveys is ±0.5 
percent of reading. 

The estimated uncertainty in Gardon gage calibration factors is ±5 
percent. Overall uncertainty in the heat-transfer coefficient, H(TO), 
is estimated to be ±6 percent. After the uncertainty in free-stream 
values of density and velocity is considered, the overall uncertainty 
in Stanton number is estimated to be ±6.1 percent. 

Based on optical observations and mechanical resolution the esti- 
mated uncertainty in probe position is ±0.002 in. As noted earlier 
in Section 3.2.2, deflection of the unshielded thermocouple probe was 
optically evaluated to be 0.010 in. This deflection was accounted 
for in the data reduction. This uncertainty in the ax±al position of the 
probe was ±0.050 in. 

The uncertainties of all primary measurements such as pressure, 
temperature, heat flux rate, model attitude and free stream Mach 
number nonuniformity have been identified. The uncertainty in some of 
the free stream parameters have been identified, but the uncertainty 
in many of the other parameters (for example, boundary layer .parameters) 
listed in the tabulated and plotted results of the final data fall out- 
side the scope of this report. 

3.4 DATA CORRECTIONS 

The ]ongltudinal heat-transfer distribution on the 7-deg cone showed 
more irregularity than expected based on the estimated uncertainty in the 
gage data. Consequently, a procedure was established to smooth the data 
by obtaining correction factors for the indicated heating level. The data 
distribution was compared with calculated turbulent and ]aminar heating 
data. Based on these comparisonsp smooth fairings through the data were 

10 



obtained. A separate set of correetlon factors were obtained for the 
laminar and turbulent cases since these were the extremes in heating 
levels encountered. These two sets of correction factors were averaged 
and applied to the data. Correction factors were applied only to the 
7-deg cone and the 7-deg conical afterbody. Data tabulations show both 

corrected and uncorrected data. 

A correction for unshielded probe position was made to account for 
probe downward deflection resulting from aerodynamic loading. The de- 
flection magnitude was determined from the television monitor screen and 
estimated to be 0.010 in. 

4.0 DATA PACKAGE PRESENTATION 

A complete set of test results in tabulated and graphical form has 
been transmitted to SAMSO (test sponsor) as a Final Data Package. The 
data computational procedures were checked by performing manual calcu- 
lation verification of the computer calculations. Sample tabulated 
data and nomenclatures appear in Appendix IV. 

. 

. 

. 
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TEST CONDITIONS AND CONFIGURATIONS 
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TABLE 3 

SHIELDED THERMOCOUPLE PROBE CORRECTION CONSTANTS 
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APPENDIX I I I  

DATA REDUCTION 

DATA REDUCTION NOMENCLATURE 

i .  S u r f a c e  P r e s s u r e  Data  
2. H e a t - T r a n s f e r  Data  
3. P robe  Data  

3 .1  P i t o t  P r e s s u r e s  
3 .2  S h i e l d e d  Thermocouple  Measurement s  
3 .3  U n s h i e l d e d  Thermocouple  Measurement s  

4.  B o u n d a r y - L a y e r  I n t e g r a l  Va lue s  
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AE 

AN 

AV 

CI 

C2 

CP 

DELU 

DELU* 

DELU2 

DELU3 

DELU4 

DS 

d 

E 

G 

H(TO) 

HUt 

HU2 

K 

LAMBDA 

L/D 

ME 

MSI 

HUE 

DATA REDUCTION NOHENCLATUR~ 

2 
Shielded thermocouple probe entrance area, in. 

Shielded thermocouple probe calibration constants 

2 
Shielded thermocouple vent area, in. 

Gardon gage calibration factor at 70@F, BTU/ft 2 - sec - mv 

Gardon gage calibration factor at operating temperature, BTU/ft 2- 
S e c - - ~ V  

Spec i f i c  hea t  of a i r ,  f t 2 / s ec2 - °R  

Boundary- layer  t h i c k n e s s ,  i n .  

Boundary-layer displacement thickness, in. 

Boundary-layer momentum thickness, in. 

Boundary-layer kinetic energy thickness, in. 

Boundary-layer total enthalpy defect, in. 

Shield thermocouple probe inside diameter, ft 

Unshielded thermocouple probe tip diameter, ft 

Gardon gage output, my 

Shielded thermocouple probe calibration factor 

Heat-transfer coefficient based on T o , BTU ft 2 - sec-°R 

Shape factor, DELU*/DELU2 

Shape factor, DELU2/DELUS 

Gardon gage temperature calibration factor, °R/my 

Shielded thermocouple calibration factor (see Eq. S-I0) 

Shielded thermocouple probe length-to-diameter ratio 

Shielded thermocouple probe entrance Mach number 

Local Mach number at shielded temperature probe location 

Flow viscosity at shielded thermocouple probe entrance, 
ibf sec 

FT 2 
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MUI 

MUUI 

PEC 

PO 

POE 

POUI 

PPS 

PPU 

PR 

PWI 

p~ 

q~ 

R 

liB 

RED 

REU 

Re~, Re~/ft 

RHOUE 

RHOUI 

Local Mach number at unshielded thermocouple probe 
location 

Local flow viscosity at the unshielded thermocouple 

probe location, l b f - s e c / f t  2 

Free-stream Mach number 

Peclet number 

Tunnel stilling chamber pressure, psia 

Local total pressure at the shielded thermocouple 
probe location, psf 

Local total pressure at the unshielded thermocouple 
probe location, psia 

Local pitot pressure at shielded thermcouple probe 
location, psia 

Local pitot pressure at unshielded thermocouple 
probe location, psia 

Prandtl number = 0.715 

Wall pressure at pressure orifice No. I, psia 

Free-stream static pressure, psla 

Heat-flux rate, BTU/ft2-sec 

Free-stream dynamic pressure, psia 

Universal gas constant for air, ft2/sec2-°R 

Probe shield recovery factor = 0.84 

Body radius at probe station, in. 

Local entrance Reynolds number for the shielded 
thermocouple probe 

Local Reynolds number at unshielded thermocouple 
probe location 

Free-stream Reynolds number, ft -I 

Flow-field density at the boundary-layer edge, slugs/ft 3 

Flow-field density at the unshielded thermocouple probe 
location, slugs/ft 3 
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ST(INF) 

TCAL 

TI". 

TEDGE 

TEU 

TO 

TOSl 

TOUM 

TOSM 

TSI 

TUI 

TW 

AT 

U/UE 

UUE 

UUI 

V 
OO 

X, XSURF 

ZS 

ZU 

Stanton number 

Temperature parameter used to define boundary 
layer edge temperature (TED), °R 

Entrance static temperature for the shielded 
thermocouple probe, °R 

Gardon gage sensing disc edge temperature, °R 

Boundary-layer edge total temperature defined 
from corrected unshielded thermocouple probe 
data, °R 

Tunnel stilling chamber total temperature, °R 

Local corrected total temperature from shielded 
thermocouple probe, °R 

Measured total temperature from the unshielded 
thermocouple probe, °R 

Measured total temperature from the shielded 
thermocouple probe, °R 

Local static temperature at the shielded thermocouple 
probe location, °R 

Local static temperature at the unshielded thermocouple 
probe location, °R 

Model wall temperature, °R 

Temperature difference between the center and edge 
of a Gardon gage sensing disc, °R 

Velocity ratio at the entrance to shielded thermocouple 
probe, ft/sec 

Boundary-layer edge velocity, ft/sec 

Local velocity at unshielded thermocouple probe 
location, ft/sec 

Free-stream velocity, ft/sec 

Model station and surface length, respectively, in. 

Height of shielded thermocouple probe above the 
model surface, in. 

Height of unshlelded thermocouple probe above the 
model surface, in. 
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n, ETA 

R a t i o  o f  s p e c i f i c  h e a t s  = 1 . 4  

Unshielded thermocouple probe calibration 
function 
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DATA REDUCTION 

i. Surface Pressure Data 

All surface pressure data were reduced using standard facility data 
reduction procedures. Linear transducer calibration factors were obtained 
p r i o r  t o  each operational period so a simple calculation was necessary: 

PRESSURE'= SCALE FACTOR (READING-ZERO) + REFERENCE 

2. Heat-Transfer D a t a  

T h e r m o p i l e - t y p e  Gardon  h e a t  g a g e s  d e s c r i b e d  i n  R e f .  1 w e r e  u s e d  t o  
o b t a i n  h e a t - t r a n s f e r  d i s t r i b u t i o n .  The h e a t  f l u x  t o  t h e  g a g e  i s  compu ted  
as  follows: 

where 

= C2E 

C 2 ffi gage  c a l i b r a t i o n  f a c t o r ,  
BTU 

ft2-sec-mv 

(i) 

E = gage  o u t p u t ,  mv 

Calibration factors include compensation for variation in wall temper- 
a ture: 

C 2 = C 1 1 4 . 7 2 8 7 8  - (2.83765 x 10-2)TEDGE 

+.(7.82707 x 10-5)(TEDGE) 2 

- (9.44869 x 10-8)(TEDGE) 3 

+ (4.30151 x 10-11)(TEDGE) 4] 

(2) 

where C I = gage calibration factor at 530DR 

TEDGE = gage sensing disc edge temperatuare, °R 

The t e m p e r a t u r e  d i f f e r e n c e  b e t w e e n  t h e  c e n t e r  and t h e  edge  o f  t h e  
s e n s i n g  d i s c  was c a l c u l a t e d  by: 

AT ffi KoE (3) 

w h e r e :  

K = gage  t e m p e r a t u r e  c a l i b r a t i o n  f a c t o r ,  *R/my 

37 



The gage edge temperature was measured direct]y and combined with 
AT to obtain an effective wall temperature: 

T ffi TEDGE + 0.75 AT (4) 
w 

This method of obtaining an effective wall temperature is discussed in 

detail in Ref. 2. 

Heat-transfer coefficient was then calculated as: 

H(TO) - L (5) 
TO-TW 

Further reduction to Stanton number was achieved using the following: 

ST (INF) = H(TO) (6) 
p V [0.2235 + (1.35 x 10-5)(TO+TW)] 

3. Probe Data 

M e a n - f l o w  b o u n d a r y - l a y e r  d a t a  a r e  p r e s e n t e d  a s  m e a s u r e d  p r e s s u r e  
and t e m p e r a t u r e  v a l u e s .  F i n a l  r e d u c e d  b o u n d a r y - l a y e r  p a r a m e t e r s  a r e  
calculated only for those cases which satisfy the requirements for 
defining a boundary-layer edge. True probe heights above the cone 
surface were determined in the radial direction. The curvature of 
t h e  mode l  s u r f a c e  a t  t h e  s u r v e y  s t a t i o n ,  t h e  l a t e r a l  s p a c i n g  o f  t h e  
p r o b e s  i n  t h e  r a k e , ' a n d  t h e  r e l a t i v e  v e r t i c a l  s p a c i n g  o f  t h e  m e a s u r e -  
ment  p r o b e s  w e r e  t a k e n  i n t o  a c c o u n t .  

3.1 Pitot Pressures 

P i t o t  p r e s s u r e  d a t a  w e r e  r e d u c e d  f o l l o w i n g  the p r o c e d u r e s  d e s c r i b e d  
i n  S e c t i o n  1 wh ich  a p p l y  t o  s u r f a c e  p r e s s u r e .  
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3.2 Shielded Thermocouple Measurements 

The following calculation procedure was applled to obtain local 
total temperature from shielded thermocouple probe data following Varner's 
approach (Ref. 3) and is listed below and shown in a following block 
diagram. 

S-I Interpolate the local pitot pressure, PP0, from ZP to a 
value at the ZS locations. AT ZP = 0, set PPO = PWI. 
Designate interpolated values of PPO as PPS. 

S-2 Compute the local Mach number, MSI, as follows: 

b.  en si= -,] 

Otherwise, iterate the following to o b t a i n  MSI: 

-7 
PPS/PW1 ffi [(y+I)(MSI)2/2]'-I[(T+I)/(2y(MSI)2-(y-1))] 3'- 

S - 3  

S -4  

S - 5  

ME ffi 0 , 1 7 6  

TSI = 
TOSI 

1 +X z! (Msi) 2 2 

TE= 
TOSI 

1 + x~__! (M~.)2 

For First Iteration, 
Set TOSI = TOSM 
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S-6 NUE= 
O. 227 (10 - 7 )  (TE) 3 /2  

199 + TE 

S-7 

S-8 

If MSI < I 

If MSI > 1 

ffi 144, (y+l)  (MSI) 7+1 
POE 

27 (MSI) 2_ (y_ I 

1 IC ) 
psf 

S-9 PEC = (RED) (PR/2) Note: Set PR ffi 0.715 

S-10 

S-11 

- 2 ~ z  

The values of G and U/UE are listed in Table 3. 

INPUT DATA: 

TOSM VS ZS 
POE VS ZS 
MSI VS ZS 

At each ZS value, correct probe data as follows: 

(a) Assume TOSI = TOSM compute r (Eq. S-I0), 
RED (Eq. S - 8 ) ,  PEC (Zq. S - 9 ) .  

(b) Compute G and U/UE by interpolatlng from Table 3 

(c) Calculate the corrected temp., TOSI, from Eq. S-11 
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ON-BOARD SHIELDED THERMOCOUPLE PROBE CALCULATION 
BLOCK DIAGRAM 

J INTERPOLATE 'I 
S-I PRESS. ~PPS 

I 
s-~ [i ~ i 

. ' 'i 

~-~ I ~ J 
] 

I ~_~ [. i~. ,l~ 

I 
~-~ i ~ i 

S-7 
I 

| 
s-8 i ~ I 

i 
~-~o [ ~, o,~ ~ .  - ]  

5-11 TOSM/TOSI 

TOSM TOb~ >0.005 
. . . .  

~ / / "  

So.oo5 

I TOSI 
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(d) Using corrected value of TOSI, Repeat steps (a) through 
(c) until: 

( os.I _f osMI 
~ # j + l  ~TOSI/j 

(TOSM~ 
TOSI  ~'j 

<_ O. 0 0 0 5  

CONSTANT INPUTS: 

y =1.4 
R = Gas constant = 1717, ft2/sec2-=R 
CP 6006, ft2/sec2-@R 

= Probe shield recovery factor = 0.84 
AV/AE = Vent area to entrance area ratio = 0.298 
DS = Tube entrance inside diam = 0.001667 ft 
L/D = Tube entrance length/dlam ratio = 2.0 

3.3 Unshielded Thermocouple Measurements 

This section contains the procedure for obtaining local total 
temperature from the unshielded thermocouple probe output. The nomen- 
clature used herein applies to the on-board probe although the identical 
procedure was used for the overhead probe. The procedure, shown in a 
block diagram (follows listing of equations) is as follows: 

U-1 Interpolate the local pitot pressure, PPO, from EP to a value 
at the ZU locations. Designate the interpolated values as PPU. 

U - 2  Compute the local Mach  number, MUI, as follows: 

Y 

a. If PPU/PWI < ((7+I)/2) 7-~ 

b. Then MUI = PU/PWI) Y -I /(y-l) 

Otherwise, iterate the following to obtain MUI: 

c .  PPU/PW1 

1_!_ [ -I 
= (.y+l) (MUI) 2/ (y+l)/2y(MUI) 2- (y-l) 

U-3 If MUI ~ 1 POUI = PPU , 

If MUI > 1 

POUI = PPU 

y-1 "(-1 
(T-t) (MUI)2+21 "2y(MUI) 2- (y-l) 1 
(y+I)(.UI)2 J L y+l 
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U-4 

U-5 

U-6 

U-7 

+ II I 
RHOUI = /R T O U I  I + "y'-I (Mill,, 2 j 

UUI = MUI [yR(TUI) I/2 
L 

0.227 (10 -7) (TOUI) 3/2 
MUUI = 

199 + TOUI 

U - 8  REU = 
(RHOUI) (UUI) (d) 

MUUI 

U-9 q = ETA = ()" ~. AN W~-~.U 
5=0 

Note that AN coefficients are unique for each probe 

U-10 TOUI=TOUMII + 

+ 

2 q 
2 (Hui) I 

Y-12 n (MUI)2J 

INPUT DATA: 

TOUM VS ZU 
POUI VS ZU 
HUI VS ZU 

At each ZU value, the data was corrected as follows: 

~a) Assume TOUI = TOUM, compute REU from Eq. U-8 

(b) Compute q from Eq. U-9 

(c) Compute corrected temperature, TOUI, from Eq. U-IO 

(d) Using the corrected value of TOUI, repeat steps (a) through 
(c) until 

I~+1 Iz-~iJ ± 0.0005 ( To~  
TOUI~j 

INPUT CONSTANTS: 

d - Probe tip diameter = 0.005 in. ffi 0.0004167 ft. 
AO,AI,A2 .... Calibration constants (see Table 4) 
y ffi 1.4, ratio of specific heats 
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ON-BOARD'UNSHIELDED THERHOCOUPLE CALCULATION 
BLOCK DIAGRAM 

U-I 

u-2 I 

U-3 I 

U-4 l' 

U-5 I 

U-6 I 

U-7 ] 

U-8 [ 

U-9 { 

INTERPOLATE I 
PRESS.- PPUJ 

I 
POUI I 

I 
RHOUI ]_ ~ 

I 
TUI I 
I 

UUI I 
i 

Start: 
REU I,~------ Assume 
I TOUI = TOUM 

ETA j 

U-lO TOUM/TOUI 

11 
05 

>0.0005 
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4. Boundary-Layer Integral Values 

The procedures described in this section were used to evaluate 
boundary-layer parameters from integral relationships. Establishment 
of the boundary-layer edge location and flow conditions is required to 
establish the upper limit for the integrals. Note the precaution 
listed with the calculations. 

I. INPUT DATA: 

TOUI vs ZU 

2. where TOUI is corrected unshielded thermocouple value. 

. Moving from the point ZU = 0.7 towards ZU ~ O, curve fit 
the data set TOUI vs ZU. Sets of five points should be 
fitted with a second order (parabolic) fit. 

4. Evaluate the curve fit segments and locate the value of 
ZU at which the value of i 

TOUI = TCAL (I ±0.0025). 

NOTE: For cases where TOUI = 0.9975 TCAL, print message: 

"BOUNDARY LAYER EDGE CONDITIONS OF TOTAL TEMPERATURE 
OVERSHOOT NOT MET. INTEGRAL PARAMETERS SBOULD BE 
USED WITH CAUTION." 

. When the point in Item 4 has been located evaluate both 
TOUI and ZU and designate as follows: 

DELU ffi ZU 

TEU ffi TOUI 

6. INPUT DATA: 

RHOUI vs ZU (boundary-layer edge) 

UUI vs ZU 

7. Using the same ZU values used in Item 4, fit the data from 
Item 6 with a second order (parabolic) fit. 

8. Evaluate the curve fits in Item 7 at DELU = ZU. Designate 
the values of RHOUI and UUI as follows: 

RHOUI = RHOUE~ 

UUI = UUE @ DELU 
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9. Determine disp3acement thickness by evaluating the fo]]owlug: 

DELU* + (DELU*) 
DELU 

2 cos e [ 

ZU=O 

(RHOUI) ( U U 1 )  " 

I- (RHOUE) (UUE) [ ] ] + (ZU)(cos 8) dZU 
RB 

where 8 = body surface angle at the survey station, deg 

RB = body radius at the survey station, in. 

Use the quadratic equation: 

DELU* = ~ - b 
2a 

where 
a = cos 0 

2(RB) 

b= I 

10. 

: c -ZUfO [- (RHOUE) (UUE) I + RB 

Determine momentum thickness by evaluating the following: 

DELU2 + (DELU2) 2 2-RB" = f (RHOUI) (UUI) UUI 
zu=0 ~OUE)(HUE) - U--~J ~I + 

Use the quadratic equation: 

~v2-4ac-b 
DELU2 2a 

(ZU)RB(COS 0).) dZ U 

where 
a = cos 0 

2RB 

b =  I 

c = - f (RHOUI) (UUI) 1_ UUI . (ZU) (cos 0) 
ZU=O (RHOUE) (UUE) U - ~  I + RB 

11. Determine the kinetic energy defect from the following: 

DELU3 + (DELU3) 
3 cos 0 r (RHOUI) (UUI) UUI I + 

2R----B- = ZU---O J (RHOUE) (UUE) - U--~ I J 

dZU 

(ZU) (cos 8) dZU 
RB 

1 

Use the quadratic equation: 

DELU3 = /~'2- &-~c-b 

2a 
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where 
cos e 

a = 2RB 

b = l  

C = 

rDELU 'UUI'231 
-z~=o ~ ( H U E )  ~UUEI 

12. Determine the total enthalpy defect: 

DELU4 + --(DELU4) 2 
e C O S  

2RB 

+ 

D LU (RHOUI) (UUI) I TOUI 
ZU=0 (RHOUE) (UUE) TEU 

(zu) (cos e~dZU 
RB / 

+ (ZU)(COSRB e)) dZU 

where 

Use the guadratic equation: 

DELU4 = Jb2-4ac - b 
2a 

cos e 
a = 2RB 

b= I 

DELU(RHOUI)(RHOUE) (UUE)(UUI) I1 
ZU=0 

T°U lIl+ °t dZU 

13. Calculate shape factor: 

DELU* HUt = - -  
DELU2 

DELU2 
HU2 -- 

DELU3 
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APPENDIX IV 

SAMPLE DATA NOMENCLATURE AND FO~TS 

I. Nomenclature: Surface Pressure Data 
2. Sample Data: Surface Pressure Data 
3. Nomenclature: Heat-Transfer Data 
4. Sample Data: Heat-Transfer Data 
5. Nomenclature: On-Board Probe Flow-Field Data 
6. Sample Data: On-Board Probe Flow-Field Data 
7. Nomenclature: Overhead Probe Flow-Field DAta 
8. Sample Data: Overhead Probe Flow-Field Data 
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ALPHA MODEL 

ALPHA PB 

CONFIGURATION 

DATA TYPE 

DEW POINT 

GROUP 

L 

M(INF) 

MU(INF) 

NOSE RADIUS 

ORIFICE 

PHI 

P(INF) 

POP 

PO 

PW 

Q(INF) 

RE(INF) 

RHO(INF) 

ROLL 

T(INF) 

TO 

TRIP 

U(INF) 

X 

XSURF 

IV-I. NOMENCLATURE: SURFACE PRESSURE DATA 

Model angle of attack, deg 

Support sting prebend angle, deg 

Model configuration (see Fig. 2) 

Type of data tabulated 

Free-stream flow frost point, °F 

Data group number 

Sharp 7-deg cone axial length, 40 in. 

Free-streamMach number 

Free-stream viscosity, ibf-sec/ft 2 

Model nose tip radius, in. 

Model pressure oflfice identification 
(see Table I) 

Pressure orifice circumferential location 
(see Table I), deg 

Free-stream static pressure, psia 

Free-stream normal shock pressure, psla 

Tunnel stilling chamber pressure, psia 

Model wall pressure, psia 

Free-stream dynamic pressure, psia 

Free-stream Reynolds number, per foot 

Free-stream density, s l u g s / f t  3 

Model roll angle, deg 

Free-stream static temperature, °R 

Tunnel stilling chamber temperature, @R 

Boundary-layer trip configuration 

Free-stream velocity, ft/sec 

Model station, in. 

Orifice Surface location, in. 
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c:) 

APOpZNC - AEDC OZYZSION 
A 8YERDRUP CQRPQHATXOH COMPANY 
VON KARMAN GAS DTNANZCS fACILITY 
ARMObO AIR FORCE BTATZONo TEEN 

GROUP 31 
M(ZHr)s S.95 
j [ ( Z N r ) e  4.TSSE~06 PER r?  

OATA TYPE 
SURFACE PRES 

onzrzcE  x ' x/L 
(zN) 

t7 0 ,090 0,20~3 
16 9 ,002 00227L 
15 11,067 0,2767 
14 13.052 003~63 
t3 |50037 0037§9 
t2 17,023 004|56 
t l  ) 0 , 0 0 0  O,SO00 
10 22,07S 000619 

9 24.050 0.5015 
0 26.045 006511 
7 20,030 007000 
6 300015 007504 
S 320000 000000 
4 33,905 000496 
3 350970 00q993 
2 30,01S 0o9004 
1 39,004 009076 

24 11.067 00|767 
23 30.015 007504 
22 39.504 009076 
27 110067 002767 
26 30 , 0 i S  007504 
25 39.$04 009076 

• 30 110067 002767 
29 )O,0IS  0.7504 
20 390604 009076 
33 30,011 0.9620 
31 6ABE 
)2 BABE 

PHOdECT NO ¥4|BoH6A 
SANBO/DOTR HYPERSONZC TURBULENT BOUNOAR! LAYER ZNVEBT|OATZON 

PHASE Z 

DAT| COMPUTED 
DATE RECORDED 
TZNE RECORDED 

ALPHA NQDEb • - 0 , 3 5  DEG, 
ALPHA PB • 13000 DEG, 
ROLL • -.0,02 DEGe 

BEY p T u o 3 | , 0 0  
(DE• r )  

CONFIOURA?ION 
Y-DEG CONE 

HOlE RADZUIwIN 
SHARP 

XSURF PHZ PN PH/PZNF 
( IN)  (DEG) (PSZA) 
0 . | 60  O. 00303 30|0 
90150 00 0.343 2004 

| l o t S 0  0,  0 ,342 2003 
130150 Oo 00336 2001 
150150 O. 0.342 2004 
17,150 0,  00350 2009 
30,160 ~0o 0,331 1098 
2~0300 00 0,330 200) 
240300 00 0.330 2002 
26.300 O. 00336 ~001 
20.300 O. 0.346 2007 
300300 O. 0034| | . 0 4  
3 |0300 0,  0 ,342 |004  
340300 0o 00347 2007 
35.300 00 00341 |004 
30.300 00 00340 3006 
390000 Oo 0,345 2006 
110150 090,  00323 1,92 
300300 "90 .  0.3~2 1093 
390000 0900 00323 1o92 
110150 900 00324 1o93 
300300 gOB 0,323 .1092 
39.000 900 0.330 1.96 
1105S0 100, 0 ,323 1,93 
300300 t00o 0 ,304 to01 
)9 , 000  100, 0 ,316 1o00 
)00000 O, 00346 2006 

BASE 00 00365 |020 
BABE' |00o 0 ,002 0 ,49  

P)  • ~$0o73 PBIA 
TO • 04407 DEGR 

~ p ( z x r ) •  001672 PBZA 
RE(zNr) •  0.476E,07 PEn r f  
n u ( x J r ) i  OeOSlEm07 LHrtBEctrT2 

u ( z x r ) 8  29020| rT/BEC 
O(ZNr) I  40143 PBZA 
T(ZNF| I  | 0 | . |  DEGR 
POP • T.70 FIZA 
RXO(IHr)e 0,134E003 BbUGBIFT) 

|6-JUH=T) 
I0=JAN-?0 
2 i l  I l l |  

TRXP 
NONE 

I 

CA 
3 

~.d 

o )  

CA 
G 
~5 

S~ 

~s 

G 

c~ 



ALPHA MODEL 

ALPHA PREBND 

ALPHA SECTOR 

CONFIGURATION 

DATA TYPE 

DEW PT 

GAGE NO. 

GROUP 

H(TO) 

L 

M(INF) 

MODE 

MU(INF) 

NOSE RADIUS 

P(INF) 

PO 

QDOT 

Q(INF) 

RE (INF) 

RHO(INF) 

ROLL 

ST(INF) 

ST(INF)(CORRECTED) 

TEDGE 

T(INF) 

TO 

IV-3. NOMENCLATURE: HEAT-TRANSFER DATA 

Model angle of attack, deg 

Support sting prebend angle, deg 

Tunnel sector pitch angle, deg 

Model configuration (see Fig. 2) 

Type of data tabulated 

Free-stream flow frost point, °F 

Gardon gage identification number (see Table I) 

Data group number 

Heat-transfer coefficient, BTU/FT2-sec-°R 

Sharp 7-deg cone axial length, 40 in. 

Free-streamMach number 

Static or dynamic data mode identification 

Free-streamviscoslty, l b f - s e c / f t  2 

Model nose tip radius, in. 

Free-stream static pressure, psia 

Tunnel stilling chamber pressure, psia 

Heat-flux rate, BTU/FT2-sec 

Free-stream dynamic pressure, psia 

Free-stream Reynolds number, per ft 

Free-stream density, ibm/ft 3 

Model roll angle, deg 

Stanton number 

Stanton number corrected (See Section 4.5) 

Gardon gage senslng disc edge temperature, °R 

Free-stream static temperature, °R 

Tunnel stilling chamber temperature, °R 
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TRIP 

TW 

V(INF) 

X 

XSURF 

Boundary-layer trip configuration - sphere 
and grit sizes stated in inches 

Model wall temperature, eR 

Free-stream velocity, ft/sec 

Heat-gage model station, in. 

Heat-gage surface location (see Table I), in. 
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AR(I,T~C. 
A[Og ~)IVJSIUH 
A SYFUDRt.P C~RP@FATI~ C~FPA"Y 
VOK KAP~N GAS OY~A~TC~ ~ACZLZTY 
SO l ~ J 4  HYF£N~OdlC TII~HEL 
ARNI)[.~ ATR FQ~CF STATX~. TN. 
DATE 01~31/78 PRDJ[CT ~O, ¥418-M6A 

hATE TJU E 
0 1 / 2 3 / 7 0  211151221369 

TZME REDIICEO 
211151421372 

SAMSO/DOTR HYPERSONZC TURBULENT BOUNDARY LAYER INVESTZGATZON 
PHASE Z 

GARDON GAGES 

TZ~E FROM CL 
1 ,04  

w 

DATA T~PE 
H~4T TRAhSFER 

CO~F1GURATZON 

7-D~G CONE 

GA~K ~O0 X X/L X 
( I ~ , )  SURFACE 

GIg R,Ogfl .2023 80150 
G18 900~ ,~271 9,150 
GI7 130057 ,3263  13 .150  
G!6 150037 ,3769 150150 
G~5 17.O23 .4266 17,150 
G!4 100~1~ .4~O4 10.150 
GI3 19,90q ,4762 19 ,150  
GI2 200000 ,5n00 20,150 
011 200993 .5~48 2 1 , 1 5 0  
GIO 22,075 .S~19 22.240 
G~ 230067 ,5767  2 3 , 2 4 0  
GO 24,O6~ ,6015 24.240 
07 25005~ ,6~63 25.240 
06 26064~ 06511 260240 
05 2P,030 01008 20,240 
04 320000 ,0000 320240 
03 33,90§ ,~496 34,300 
02 35 ,970  ,0993  36.300 
GI 38,O15 .9504  3 8 . 3 0 0  

HOSE RAD~USw|N. TRIP MODE 

SHARP NONE BTAYZC 

OD~T TEDGE TH H(TO) 
(BTll/FTB-BEC) (DEG.R) (DEGoR) (BTUtFT2-BEC-OEGB) 

0,3222 529,7 531.4 0,$02£'02 
003636 52907 531,6. 0,115E-02 

.0,95~3 5320! 53701 00310E'02 
007509 53201 55601 00244E'02 
0 ,9560  533 .S  530 .5  0 , 3 1 1 E - 0 2  ' 
0,0594 53200 537 ,3  0 , 2 7 8 E - 0 2  
0 ,7914  532,5 53607 00255E-02 
0,6903 533,1 536,7 00223E-02 
0 .7065  534,2 538,3 00255E-02 
009432 532,9 53708 0o305E'02 
009416 5 3 3 , 3  53003 0 , 3 0 5 ~ - 0 2  
O,0512 53309 5 3 8 . 3  0,276E-02 
0.0922 5~4,2 53008 0,290E-02 
007296 534,4 530,3 00237E'02 
0,7560 533,3 537,3 00244E-02 
0 , 7770  53206 53607 0,251[o02 
0,7903 532,6 536,7 0,255E'02 
0,7610 528,8 .53208 0,243E'02 
008456 52609 53104 0 0 2 6 8 E ' 0 2  

STCZNF) 

0 0 3 2 6 £ ' 0 3  
0 . 3 6 0 E ' 0 3  
0 0 9 0 8 £ ' 0 3  
00780E-03  
o , g g i E - 0 3  
0 0 8 0 6 E ' 0 3  
0 , 0 1 5 E - 0 3  
0 . 7 1 1 E ' 0 3  
0 , 8 1 4 £ ' 0 3  
0 , 9 7 4 ~ ' 0 3  
0 ,g74E003  
0 , 0 8 1 E - 0 3  
0 , 9 2 5 E - 0 3  
00755E-03  
0 , 7 P 0 ~ - 0 3  
00000E~03 
0 .014E003  
00775E'03 
00856Eo03 

H 
I 

CG 

STCZNF) ' o  
(CORRECTED) j ' '  
0,306E*O3 
0 ,353E003  
0 . 9 5 6 E ' 0 3  
0,700E-03 
0 , 8 7 8 E ' 0 3  .. 
0 0 9 5 8 E ' 0 3  
0 0 8 5 4 E ' 0 $  
0 0 0 2 9 E ' 0 3  
00848E-03 
0 0 0 3 3 E ' 0 3  "1 
000"20E-03 
0 0 0 2 0 E ' 0 3  
0,903~-03 
0 ,003E003  
0 .709E003  
0 , 7 1 3 E - 0 3  
OeOOOE'0) 
0 0 0 0 7 E ' 0 3  
0 0 7 9 1 E ' 0 3  

~(IHF)s SogS 
POLbs o0 ,n20 [G ,  
~LPHA SECTOPs "13,06 DEG, 
AbPHA PR~NDn 13.00 DEG, 
ALPHA HOD~L • oO,06 DEG, 

GROUP 2 

POu 252,36 P$ZA 
TOm 846,7 DEG,R 
P(INF)n 01603 PBZA 
BE(ZUF)s 40770E+06 PER FT, 
NU(ZNF)u 8,432E-OOLBP-SECIFT2 
RH0(ZNF}s 40334£°03 LBNIFT3 

V(ZNF)a 2 9 6 5 ,7  FT/SEC 
O(ZNr)m 40170 PSZA 
T(IMP)m 10408 DEGwR 
DEN pTo ea0eDEGeF 



IV-5. 

PRINTOUT PAGE ONE 

ALPHA MODEL 

ALPHA PB 

CONFIGURATION 

DATA TYPE 

DEW PT 

GROUP 

LOOP 

M(INF) 

MU(INF) 

NOSE RADIUS 

P(INF), PINF 

PO 

POP 

PPO 

PROBE STATION 

PWX 

Q(INF) 

RE(INF) 

RNO(INF) 

ROLL 

T(INF) 

TGX 

TO 

TOSM 

NOMENCLATURE: ON-BOARD PROBE FLOW-FIELD DATA 

Model angle of attack, deg 

Support sting prebend angle, deg 

Model configuration (see Fig. 2) 

Type of data tabulated 

Free-stream flow frost point, °F 

Data group number 

Data point identification number 

Free-streamMach number 

Free-stream viscosity, l b f - s e c / f t  2 

Model nose tip radius, in. 

Free-stream static pressure, psia 

Tunnel stilling chamber pressure, psla 

Free-stream total pressure downstream 
of a normal shock, psia 

On-board probe pitot pressure, psia 

Probe station location measured along model 
surface from model nose tip, in. 

Model wall pressure at the survey station (X), psia 

Free-stream dynamic pressure, psia 

Free-stream Reynolds number, per foot 

Free-stream density, s l u g s / f t  3 

Model roll angle, deg 

Free-stream static temperature, @R 

Surface temperature at model station (X), @R 

Tunnel stilling chamber temperature, "R 

Shielded thermocouple probe total temperature 
measurement, @R 
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TOUI,TOSI Corrected total temperature measurement of 
the unshielded and shielded probes respectively, 
o R 

TOUM Unshielded thermocouple probe total temperature 
measurement, °R 

TRIP Boundary-layer trip configuration - sphere and 
grit dimensions stated in inches 

TWI Model wall temperature at probe survey 
station, °R 

U(INF) 

UUI 

Free-stream velocity, ft/sec 

Local velocity, ft/sec 

ZP 

ZS 

Pitot probe height above model surface, in. 

Height of shielded thermocouple probe above 
model surface, in. 

ZU Height of unshielded thermocouple probe above 
model surface, in. 

PRINTOUT PAGE TWO 

All heading information is identical to page one. 

TG-I - TG-19 Gardon gage case temperature, °R 

PRINTOUT PAGE THREE (UNSHIELDED TEMPERATURE PROBE CORRECTIONS) 

All heading information is identical to page one. 

AO - A4 Calibration constants 
Effective probe recovery factor 

ETA 

LOOP 

MUI 

PO 

PPU 

REU 

TO 

TOUI 

TOUM 

ZU 

Data point identification number 

Local Mach number at survey point 

Tunnel stilling chamber pressure, psia 

Local pitot pressure interpolated from 

Local Reynolds number at survey point 

Tunnel stilling chamber temperature, °R 

Local corrected total temperature at survey 
point, °R 

Unshlelded thermocouple probe reading, °R 

Height of unshielded thermocouple probe above 
model surface, in. 
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PRINTOUT PAGE FOUR (BOUNDARY LAYER VALUES) 

DELU 

DELU* 

DELU2 

DELU3 

DELU4 

HUt 

HU2 

RHOUE 

TEU 

UUE 

Boundary-layer thickness, in. 

Displacement thickness, in. 

Momentum thickness, in. 

Kinetic energy defect, in. 

Total enthalpy defect, in. 

Shape factor, DELU*/DELU2 

Shape factor, DELU/DELU3 

Flow density at boundary-layer edge, slugs/ft 3 

Total temperature at boundary-layer edge, °R 

Flow velocity at boundary-layer edge, ft/sec 
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IWIml~H GIIBu~)~qpff~F~C~Julq~ t 
AR~OL~ IR FO~CE STAT[~,  T~H 

m m m n m m s t  / m 

~AHSO/DOTR HYPERSO~|ZC TU~BUL~T BOUNDARY LAYER INVESTXGATXOH 
PHASE X 

DA~E CGvP~TEO 8oJ~. 

l~E'Wl~L"l)kObt'O--7''14'5"r'~ 
4 

m 

~ n  
. , , j  

GROUP 42 ALPHA MODEL : 
M(ZNr)t  5,95 ALPHA PB : 
RE(ZtJP)m 4,724K+06 PER ~T qObb : 

DA?A TYPE 
ON-BOARD PROBE 

O,U6 OEG, DEW pTso22,00 CONWIGURATION 
13,00 DEG. (OCG F) 7-DEG COH£ 
*0,04 DE~, 

LOOP PO TO FINF POP ZP 
(PSlk) (DEGR) ~ (PStk) (PGZA) (ZN) 

1 250,23 847.7 0.1~7 7,682 0,0050 
2 249~83 849,7 0,167 7.~70 0,0160 
3 250,33 949,7 0,167 7,685 0,0245 
4 252,24 845,7 0,1~8 7,744 0,0345 
5 251.94 848,7 0.1~? 7.735 0,04S0 
6 251.24 849.7 .0,168 7,713 0.0545 
3 251.34 850.7 0,169 7,716 0,0640 
8 250,53 847.7 0.167 7.692 n,0735 
9 250,23 ~47,7 0.167 7,682 0.0850 

10 249,93 850.7 0 . 1 6 7  7,673 0,0965 
11 249,$3 650.7 0.167 7.670 0,1045 
12 249,62 850,7 0.166 7,664 0,1270 
13 249,42 049,7 0,166 7.658 0.1480 
14 249.93 ~46,7 0,167 7,673 0,1655 
15 24g.93 046,7 0,167 7.673 0,1850 
16 250.53 q49,7 0,1~7 7,692 002045 
27 250053 646.7 0,167 7.692 0.2248 
10 250,33 846.7 0 ,167 7.6qS 0.2450 
19 251,03 649,7 0,167 7,707 0.2635 
20 250,63 84~,7 0,167 7.695 0,2370 
21 250.83 84~,7 0.167 7.701 0.306S 
23 .250,93 846,7 0,167 7.704 0.3250 
33 251,54 846.7 0.168 7.723 0.3455 
24 251,34 84g.7 0.168 7,716 0,3650 
25 252,24 849,? 0.168 7,744 0,3855 
26 252.14 849,7 0.168 7.741 0.4050 
27 252.14 849,7 0,168 7.741 0.4240 
28 251.44 849.7 0,1~8 7,719 0.4445 
29 251,54 046,7 0.168 7,723 0.4660 
$0 251,44 846,7 0,16a 7,719 0.4045 
31 250.73 849.7 0,167 7,69~ 0.5055 
32 250,83 846,7 0,167 7,701 0.6040 

P~OBE STATION ~ 36,45 ZN, 

PPO PPD/POP Pk2 TWl ZS 
(PSZA) (PSZA) (O[GR) (Z~) 
0,b87 0.076 0,386 704, 0 ,0 t42 
0,830 0,108 0,399 708. 0.0252 
1,5 ]0  0,196 0,412 713, 0,0337 
1.g36 0,252 0,400 716, 0,0437 
2.148 0,279 0,386 718, 0,0542 
2,301 0.299 0,373 722, 0.0637 
2.455 0.319 0,361 724, 0.0732 
2,600 0,339 0.351 725, 0,0827 
2,776 0,361 0,343 726. 0,0942 
2,930 0,381 0,336 727, 0,1057 
3,098 0.403 0,332 728, 0,1137 
3.391 0,A41 0,327 729, 0,1362 
3,824 0,497 0,325 730, 0,1572 
4.136 0,537 0.324 731. O,1747 
4.614 0,~99 0,325 732, 0,1942 
5,056 0.657 0,325 733, 0,2137 
5.527 0.718 0.325 734~ 0.2336 
6.055 " 0,787 0,326 734, 0,2541 
6.579 O,eS5 0.326 735, 0,2726 
7.253 0,942 0.327 736, 0,2961 
7.P~1 1,024 0.327 737, 0,3156 
A,482 1,102 0,327 737, 0,3341 

• 9.168 1.191 0.327 738, 0,3546 
9,752 1,267 0,328 738, 0,3741 

10.299 1.338 0,32A 73g, 0.3946 
10,888 1,3R9 0,328 740, 0,4141 
10.978 1.427 0.328 740, 0,4331 
11,188 1,454 O,328 740, 0,4536 
21,336 1,473 0,327 740, 0.4751 
11.427 1,485 0,327 741, 0,4936 
11,647 2.513 0.327 741, 0,5146 
11,691 2,519 0,326 742, ~,6131 

NOSE RADIUS,IN T~IP 
,5000 ,0200 GRZT 

TDSM TOSH/TO ZU TOUM TOUH/TO 
(DEGR) ( | ~ )  (DEGP) 
760, 0,sgs 0,0048 731. 0,861 
767, 0,904 0,0158 743 t,875 
770, 0,907 0,0243 753 t,887 
769,. 0,906 0.0343 757 H ',892 
770. 0,907 0,0448 760 ~ ,895 
774. 0,912 0.0543 762 ,E�R 
777. 0",9J5 0,0633 764 " ;.900 
779. 0.919 0,0733 766 !.903 
782, 0,921 . 0,0~48 768 ~ i,90S 

" 784, 0,924 0,0963 769 ~ j.9~6 
786. 0,926 0,1043 770 '10 i* 907 
790, 0,931 0.1263 773 ~ :,91! 
793. 0.934 0.147~ 775 ~ 1,913 
7g4," 0,936 0,1o53 777 ~ '.915 
796, 0,938 0,1~48 779 ~ ,91W 
7g8, 0.940 0,2043 781 ~ :.920 
801, 0,944 0,2243 782 .~. i.921 
803, 0,946 0.2448 7~3 1,923 
806, 0,950" 0,2633 7~4. .9~4 
8 0 9 ,  0,953 0,2868 784 0 ,9~4 
812, 0,957 0, )063 783 / .923 
416, 0,961 0,3247 783. W ,923 
819, 0,965 0,3452 762 ~ ,921 
821, 0,947 0,3647 760. w ~ :,919 
823. 0.970 0,3852 77~. ~ ,917 
824, 0,971 0,4047 776 ,914 
824, 0,911 0.4237 775. ~ ,913 
~25, 0,972 0,4442 774, O ,912 
825. 0,972 0.4657 774, ~ ,912 
825. 0,972 0,4842 773. ~ ,g21 
825, 0,972 0.5052 773. ~ ,911 
825 0.972 0,6037 773. I.- .,911 

" O ' 

I 

m 
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PAGE TWO GPOLIP 42 

~OOP PO TO Pier POP ZP PPO PPO/POP PWl 
(P$[A) (OEGR) w (P~IA) (P614) {IN) (P6ZA) (FSIA) 

33 250.23 04707 0.167 70662 0.704~ 110754 1,527 00326 
34 250.83 8 4 6 0 7  0,167 1 0 7 0 1  0,8055 11,780 1,531 00325 
35 250033 8 4 6 0 7  0.167. TOURS 0,9050 110703 1,531 0.326 
36 250,33 649,7 0.167 70685 1,0060 11,708 1,532 00326 
37 249,73 0 4 q 0 7  0,1~7 7,~67 1,5055 110737 1 0 5 2 5  00325 
30 249 .83  849.7  0.1D7 7 .670  200035 11.440 1 .48o 00325 
3g 34g.22 847.7 0.166 .7.651 300o30 10,743 1,396 0.325 
40 249,73 047,7 0,167 7,667 308850 90617 1,250 0,324 

MEAK VALUES 
P ,  n 250 .67  PS/k  
TO = 84804 DEGR 
P( I N F) =  O. 1 6 7 1 P S I A  
RE(Z~F)z 0.472E+07 PER FT 
MUCZNF)m 00845£-07 LBF-S£C/FT2 

TWl ZS TOS~ TOS~ITO 
(D~Gp) (L~) (OLGA) 
742, ~07130 P23o 0,972 
742, 008t45 025. 00g72 
743o 0.9140 825, -00972 
743. 1.0150 825, 0.972 
7430 1.5144 ~250 0.972 
744. 20012~ 6240 0,971 
744, 3.0117 0230 0,970 
7440 3,0937 822, 0,969 

U( INr ) -  2988.7 FT/SEC 
G(ZNF)u 4.142 PSZA 
T(ZNF)n 105,0 DEGR 
POP 8 7.70 PSZA 
RHOC/NF)z 0,134[-03 SLUGS/FT3 

ZU 
~ZN) 

0,7037 
00~052 
009047 
1,0057 
1.5051 
200031 
3.0025  
3o8944 

TOUH 
(DEGP) 

7730 
772, 
7730 
7720 
772o 
772. 
772, 
771, 

TQU~/TO 

0.911 
0.910 
0,911 
00910 
00910 
00910 
0,910 
0.900 

~rl 
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voq KAR~ &~ GAS D~t~ ICS FACILITY 
ARNOLD A~ "OACE &TATIONe TERN 

mm m e  mm mR am mm mm mm 
PROJECT NO Y41{'- ~A 

SAMSO/DOTR HYPERSONIC TURBULENT BOUNDARY ~AYFR INVES~IG&TION 
PHASE I 

DATE COf41'UTEO 8-JUG,.'/8 

GROUP 42 
H(INF)s 5,95 
RE(INF)n 4,724E÷06 PER FT 

)LpHA ~UD~L u 0,06 DEG. 
A~PKA PB ~ 13,00 OEG, 
ROLL • -0 .04 DEG, 

DE~ pT: -22,00 CONF|GURAT$ON HOSE RAOIUBeIN TRIP 
(DEG F) 7-DEG CONE ,5000 ,0100 GRIT 

DATA TYPE 
ON-BOARD PRU~E PROBE STATION = 36,45 IN. 

LOOP TG-1  TG-~  TG*3 TG-4  TG-5 TG-6 TG-7  TG-8  TG-9 TG-1O T~-11 TG-12 TG-13 TG-14 TG-15 TG-16 TG-17 TG-I0 TG-19 
DEGR DEGP DEGR DEGR DEGR" DEGR DEGP DEGR DEGR DEGR DEGR DEGR DEGR DEGR D~R DEG~ DEGR DEGR DEGR 

1 
2 
3 
4 
S 
6 
7 
8 
9 

lO 
11 

13 
14 
IS 
16 
17 
18 
19 

N 2o 
21 
22 
23 
24 
2S 
26 
27 
2~ 
29 
3O 
31 
32 
33 
34 
3S 
36 
37 
38 
39 
4O 

704. -  720. 721, 720, 72n. 726, 723, 718, 712, 703. 702, 706, 707, 70R, 707, 710, 695, 69 ] ,  696, 
70~, 724. 726, 72S. 733. 730, 776. 722, 716, 708, 707, 7tO. 71 | ,  712, 71i ,  714, 700, 699, 702, 
713, 729. 731, 731, 737, 735. 731, 727, 721, 713. 712, 71S, 7 1 S o  727, 716, 7~2o 706, 706, 709, 
726, 732, 734, 735, 740, 738. 734, 730. 725, 728, 716, 719, 719, 720, 719, 749, 710, 710, 713, 
72~. 734. 736° 7J? .  743, 740. 736, 733, 728, 721, 719, 722, 721. 722, 722. 723, 713. 714, ?16, 
722, 7371 740. 742, 747, 74S, 741. 737. 733, 726. 725, 727. 726. 727, 727° 723, 719. 720, 7J2. 
724, 73P. 741, 743, 748. 746, 742, 739. 734, 728. 726~ 7~9, 728. 729, 728. 724. 721, 7~2, 724. 
725, 739, 743° 745. 749, 7470 744. 740, 736, 730. 7 2 ~ ,  730. 730. 730, 730. 726, 722, 723, 726, 
726", 741, 744, 746, 750. 744o 745, 741, 738, 731, 730, 732o 731, 732, 7~1, 727, 724, 7~5, 727, 
727, 741, 74S, 747. 751, 749, 746. 743. 73~, 732. 731, 733. 732. 733. 732. 729, 726, 727, 729. 
7 2 8 ,  742. 746, 748, 7S2, 7S0, 747. 744, 740, 734, 733, 734, 734. 734. 734. 730. 7~7, 72~, 730. 
729, 743, 747j 749, 753. 7S1. 74g. 74S, 741, 735, 734. 735, 735, 715. .7~5. 731, 729, 730, 732. 
730. 744, 74g. 75~, 754. 7S7, 74R. 74S, 742. 736, 735. 736. 736. 736, 736. 7~2, 730. 731, 732, 
731. 745. 74B. 7S1, 7SS, 7S3. 750. 747, ~43, 738, 736, 738, 737. 737. 73?, 734, 731. 732, 734, 
732, 746o 749. 752, 756. 754, 751. 748, 745, 739, 738, 739, 730, 739, 7)8,  73S, 733, 7340 7]S, 
73 ] ,  746, 760, 7S3, 756, 7S5, 752, 749, 746, 740, 739, 740, 739. 740, 739, 736, 734, 73S, 736, 
734, 747, 751, 754, 7~7, 756, 7S$, 750. 747, 741, 740, 741, 740, 741. 740, 737. 7JS, 736, 737, 
734, 747, 751, 7~4. 756. 756, 754, 750. 74g, 742. 741, 742, 741, 742, 741, 73B, 736~ 737, 738, 
735, 74~, 752, 7S5, 758. 757. 754o 751, 74~, 743. 742, 743, 742, 742. 742. 739, 737, 737, 739. 
7~6, 749, ?$] .  756. 7S9, 75~. 75~, 753. 750, 745, 744, 745. 743, 744, 743, 740, 738, 739, 740. 
737. 749° 75).  7Sb. 760, 759, 756. 753. 751, 746. 744, 745, 744. 744, 74~. 741, 739, 739, 741, 
737, 7S0, 7S4, 757, 761, 7S9, 7S7,. 764. 752, 747, 746, 746, 74S, 74S, 745. 742, 740, 740, 742, 
738, 7SO, 754, 758, ?St,  760, 758, 75S, 753, 748, 747, 747, 746° 74~, 746, 743, 741, 741, 742, 
738. 740, 7S4". 75~, 761. 7 6 | ,  7S~. 7S6o 753, 749. 747. 748, 747, 747, 746. 744, 742, 742, 743, 
739, 751, 755, 7 ~ ,  762. 761, 759. 756, 754, 750. 748, 749, 748. 748, 747. 745. 742, 743, 744. 
740, 751o 7S5. 75q. 76~, 7~2, 759,- 7S7, 755. 751~ 749, 750, 748. 748, 748. 745. 74] ,  743, 744. 
7~0, 7~],  7SS. 759. 762, 762, 759. 757, 756, 751. 750. 7~0. 749. 749, 7#8. 746, 744, 744, 74S. 
740. 7S2, 756, 759, 763. 762, 760, 7S8. 7S6, 752. 750, 731, 749. 749, 7~9, 74~. 744, 744, 745, 
740, 7S2, 756. 759. 763. 762. 760, 758. 7S6, 752, 7S],  751. 7S0. 750, 7~9. 747, 745, 744, 746, 
741, 757, 756, 760, 763. 763, 761, 769. 757, 763, 752, 7S2, 7S1. 7~1. 7~0. 74~. 745, 74S, 746. 
741, 7S3, 756, 760, 764, 763, 761, 759, 75~, 733, 752, 752, 7~1, "7S1, 750. 74~, 746, 746, 747, 
742, 753, 757. 7~0, 764. 764. 761, 7 6 0 °  75~, 75~, 753. 753, 752. 751, 751, 748, 74~, 746, 747, 
742. 753. 7~7, 761, 764, 764. 762. 760, 7S~, 754. 753, 753. 752, 752. 751, 749. 747, "746, 747. 
742. ~53, 7S7, 761. 76~. 764. 762. 760, 7S9, 7SS, 754, 754. 753. 7S2, 7~2. 749, 7~7. 747, .  748. 
743, 754. 757, 761. 76S. 765. 762, 761. 759. 755, 754, 7 5 4 .  753. 753. 7bJ.  750. 7~8. 747. 748. 
743° 754, 738. 76t ,  765. 765. 763, • 761. 759. 7S6, 7S5. 75~. 7S3. 753° 753, 750, 74Bo 748, 748, 
743, 7S~, 758, 762, 765. 765. 763, 762, 760. 756, 755, 7SS, 7S4, 754, ,  753, 751, 749, 7~8, 749, 
744. 7S4, 7S8, 762, 766. 766. 764. 762. 761, 757. 756, 756, 754, 754, 754, 7S1, 749. 74~. 749, 
744, 7SS, 758. 762, 766, 766. 764, 762. 76 | ,  757, 7S6, 7S6, 7SS. 755, 734, 762, 730, 749, 7S0, 
744, 7SS, 7sg , '  762, 766, 766, 764. 763= 761. 7S8. 757. 757, 7S5, 755, 754, 752, 750, 749, 7S0, 



m , d m m t + e d - , n d " d - ' e d ' a r n d - m - ' m  - 
~ROI~NC " 1~0C qtY|&tOt: 
A SVER~R CURPtJ~kTZON COMPANY ( 
VON KAPHA., GAS Dv~AMIC~ FACILZT¥ 
ARNOLD AXR FORCE 6TATX~, T~NN PPDJ£CT t:O V41B-~6A 

BA~$O/OOTR HypERSONIC TUPBULEKT BOUNDARY 
PHAS~ Z 

¢~ 
O 

GROUP 42 ALPH) MODEL • 0.06 DEG, DEN PT:-22,00 
N(XNP)= 5.95 AI,PH& PB 8 13,00 O£G. (DEG F) 
RE(XNF|U 4,724E906 P~R FT ROLL • -0 ,04 D~G, 

UNSHI£LDED TEMPERATURE PROBE CCRR[CIIONB 
ON'BOARD FRO8~ 

PROBE STATZOH u 36,45 XN. 

hOOP ZU PO TO PPU PFU/PO HUX REU 
( l~)  (PSZ~) (D[GR) (PSXA) 

1 0,0048 250,23 847,7 0,576 000023 0.95 42,70 
2 0.0159 249083 P49,7 0,826 0.0033 1.24 57.31 
3 0,024| 250,33 R49.7 1.493 0.0060 I,TR 89,4S 
4 O,(13qJ 252,24 8~5,7 1.927 0,0077 2,06 106,48 
S 0,044~ 251,94 84~,7 2,144 0.0086 2.18 ~15,00 
6 000543 251,24. 84907 2,297 000092 2,26 120,91 
7 0,063~ 251,34 850.7 2,451 000098 2.34 126,81 
8 0.0733 250.53 847.7 2.604 0,0104 2,42 132052 
g 0,084e 250,23 84707 2,772 000111 2,50 138.77 

10 ~00961 249,93 850.7 20927 0,0117 2.57 144063 
11 001043 249,83 850,7 3.093 0,0123 2065 150,98 
12 0,1268 249,62 85007 3,388 000135 2,7U 161,71 
~3 0,1478 249442 849.7 3,820 000152 2096 177.80 
14 001663 249,93 046,7 40132 0.0165 3.09 109,22 
15 001848' 249.93 84~,7 40608 0.0184 3o27 206,67 
16 0,2043 250,53 849,7 5.051 0.0202 3.42 222,72 
17 0,2243 250,53 846,7 5.521 0.0220 3,59 240.09 
18 0.2448 2S0,33 946.7 60049 0.0241 3,76 259.46 
19 0,2633 251.03 849.7 6,572 . 0.0262 3092 279.57 
20 0.2860 250063 04607 7.246 000289 4.12 303073 
21 0.3063 250083 94K07  7,873 000314 4.30 327,70 
22 . 0,3247 250,93 046.7 8,474 0,0338 4046 350,10 
23 0,3452 2510~4 846,7 9.158 0.0~65 4,64 376.32 
24 0,3647 251,34 0 4 9 0 7  9,743 0,0399 4,79 399.50 
25 0,3652 252~24 849,7 100292 0,0411 4,g3 421,56 
26 0,4047 252.14 949,7 10,693 0,0426 5,02 . 437.69 
27 0,4237 2~2,14 P4q,7 10,974 ~.0438 5,09 449.43 
28 004q42 251,44 849.7 110185 0.0446 5.14 458,14 
29 0.4657 251.54 846,7 11.334 0.0452 5,18 463.~1 
30 004842 251,44 846,7 11,426 0.0456 5,20 468.05 
31 0,5052 250,73 849,7 11,644 000465 5,25 476.37 
32 0.6037 250,83 846.7 11.691 0,0466 5,26 478.17 

9 1 -  

/ i IIIIME (IIII't'.,. -01,III 
DATE; RF.COPDED 3/ 'AN-70 
T;.v,z RECORDED .51 9 

LAYER XNVESTIGATIOH 

CONFIGURATIOff 
7-DEG COHE 

NOSE PADIUS.X~ 
,5000 

TRIP 
,0 t00 GRZT 

£TA ?UUMtTO 

0,874 0.861 
00875 00875 
0,878 00~87 
00879 00R92 
0,880 0,495 
0.880 00~98 
O,qO0 0,900 
0,881 0,903 
0,081 0,905 
0,$91 0.906 
0.802 0.907 
0 . 8 8 2  0.911 
0.883 00913- 
0,884 0.915 
0 ,885 0,918 
00895 0,920 
0.886 0,921 
0,887 0.923 
0,808 0.924 
0,8~9 00924 
0,890 0,923 
0,091 0.923 
0,991 00921 
0,892 00919 
00893 00917 
00094 0.914 
0,894 0.913 
00894 0,g12 
0,094 0.g12 
00894 00911 
0.895 0.911 
00895 "0.911 

TOUI TOUZ/TO 
(D£GR) 

745. O.RTH 
765, 0,902 
790. 0,931 
8010 0.944 
807, 0,951 
8 t l ,  G,956 
815, 00960 
818o 0,965 
0220 0,969 

• 8240 0.922 
827, 00975 
432, 0o981 
837~ 0,987 
841, 00991 
8~5, 0,996 
849, 10001 
851. 1,004 

• 8540 1,907 
856. 1,o09 
k570 1,011 
8570 1.010 

• 858o 1.011 
857o 1.010 
8550 1,008 
853o 1,006 
851o 1.003 
850, 1,002 
8490 1,001 
849. 10001 
848. 10000 
848, 1,000 
848. 1,000 

UUX 
( rT /6£c)  
1165,os 
1473,90 
192~,21 
21o~,25 
217J.d8 
2220,42 
2263,89 

,2303.$1 
2342,68 
2376,69 
24U9,94 
2464,90 
2b31.22 
2574.12 
2629,55 
2674.41 
2714,38 
2753,03 
2786.46 
2821.48 
2d47.57 
2870.8O 
2892000 
29US.61 
2916050 
4922,22 
3926,98 
2929,68 
2932,d4 
2932,04 
2937,27 
2938.20 



FAG[ TuO GROtIP 42 

LOOP Z~ PO TO FFU 
(ZN) (PSlA) (DFG~) (PSIA) 

33 0.7037 2qO.23 847.7 1t.754 
34 0,8852 250,83 846.7 11,790 
35 0.9047 250,33 846.7 11,783 
36 1,0057 250.33 849.7 11.789 
37 1,5051 249,73 849,7 110737 
38 2,0031 249,83 849,7 11.440 
39 3,0025 249,22 847,7 10,744 
40 30864~ 249,73 847,7 9,617 

CAbIBP~TION'CON6rINTS 
A0u 8,650£-01 AI: 1,3638-03 

PoU/PO HUZ REU 

0,0469 5,27 480,55 
0,0470 5,28 482.30 
0.0470 5,28 481,66 
0.0470 5,28 482,5g 
0.0468 5,27 480.67 
0.045b 5,20 469,31 
0.o42g 5,04 442,74 
0,0384 4,76 400,33 

A2: 0.000E+O0 "k38 0.000g+o0 A4: 

MEA~ VALUES 
PO : 250,~7 PSTA 
TO = 84R,4 DEGR 
P(If :F)z 0,1671P$ZA 
p£(ZPF)u 0,4728+07 PER FT 
MUCINr)= 0.845~-07 ~BF=SECIFT2 

ETA TOUM/TO TOU1 
£OEGe) 

P,895 0.g11 848, 
o,Hg5 0,910 ~47, 
0,~95 0,g11 04~, 
0,895 0,910 847, 
0.095 0.910 847, 
0,895 0.910 847, 
0,894 0.910 647, 
00892 0.900 845, 

TOUIIZO 

1,000 
O,~g9 
1,000 
0.999 
o.ggg 
0,998 
0,998 
0.9g6 

O,O00E+O0 

UCINF)s 2908,7 FTI~EC 
Q(INF)u 4,142 PTIk 
T( INP) :  105,0 D~GR 
POP • 7,70 PSZA 
RHOCI~F)u O,1348-~3 ~bUGS/FT3 

UUI 
~r~/SEC] 
2939.43 
~g38o01 
2940.00 
2938.16 
~g37.17 
2931,19 
2915,~7 
2884,99 

O~ 
J--J 

r. 
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ARO~" " - &EDC DIVISIOH 
A SV RIIp CDKPOFATZ~ CO~PA?/Y 
YON KARN&N GAG DY~AhICS FAC|L~TY 
ARNOLD AIR FORCE STATIONe T[NK PROJECT qO V41B-WGA 

SAHSO/DOTR HYPERSONIC TURBUbENT BOUNDARY LAYEP INVESTIGATION 
PHASE Z 

GROUP 42 
M(XNF)n 5,95 
RE(INF)= 4,734E÷06 PER FT 

DATA TYPE 
ON-BOARD PROBE 

BOUNDARY LAYER VALUES 

ALPHA HODEL n 0.06 DEG, DEF PTs '22,OO 
ALPdA PB • 13,00 DEG, (DEG F) 
ROLG • " 0 , 04  DEG, 

P~DBE STATZOH s 36,45 ZN, 

CO~FIGURATIDN 
7-DEG CONE 

D&IE C~PP~E~ ~ 'CCL- '~  
DATE RECORDED ) l - J A q - ~ 6  
TImE RECOEDED 11451 9 

NOSE PAUIUSeZN TRIP 
,SO00 ,01GO GRIT 

't 
% . i  

DELU : 0,4967 IN,  
DELUo= 0 ,1 ;5S IN,  
DELUI: 0.0169 IN,  
DELU$: 0,0291 IN,  
DEbU4= 0,0008 IN,  

• HUI = 12,2798 
HU2 m 0,547S 
TEU t 850.4 DEGR 
UUE s 2927.3 FT PER SECOND 
RHOUE8 L,9OIE-04 SLUGS PER FT3 

HEAN VALUES 
PO • 250.67 PSIA 
TO = 848.4 D~GR 
PCINF):  0 ,1671PSZA 

• RE(IrJF)= 0.472E+07 PER FT 
XU(ZNF)m 0 , 8 4 5 E ' 0 7  LBF'SEC/FT2 

UCINF)= 2988.7 FT/SEC 
OCZNF)I 4.142 PSZA 
TCZNF)n 10S.0 D[GR 
POP n 7.70 PSZA 
RHO[ZNP): 0 .134£-03 SLUGS/rT3 



IV-7. 

PRINTOUT PAGE ONE 

ALPHA MODEL 

ALPHA PB 

CONFIGURATION 

DATA TYPE 

DEW PT 

GROUP 

LOOP 

M(INF) 

MU(INF) 

NOSE RADIUS 

P(INF) 

PO 

POP 

PO0 

PROBE STATION 

m~(INP) 

ROLL 

TO 

TOO 

TRIP 

TWX 

U(INF) 

ZO 

ZOT 

NOMENCLATURE: OVERHEAD PROBE FLOW-FIELD DATA 

Model angle of attack, deg 

Support sting prebend angle, deg 

Model configuration (see Fig. 2) 

Type of data tabulated 

Free-stream flow frost point, °F 

Data group number 

Data point identification number 

Free-streamMach number 

Free-stream viscosity, 1 bf-sec/~t2 

Model nose tip radius, in. 

Free-stream static pressure, psia 

Tunnel stilling chamber pressure, psia 

Free-stream total pressure downstream of a 
normal shock, psia 

Overhead probe pitot pressure, psia 

Probe station location measured along model 
surface from model nose tip, in. 

Free-stream Reynolds number per foot 

Model roll angle, deg 

Tunnel stilling chamber temperature, °R 

Unshlelded thermocouple probe reading, °R 

Boundary-layer trip configuration - sphere and 
grit dimensions stated in inches 

Model wall temperature at probe survey station, °R 

Free-stream velocity, ft/sec 

Pitot probe height above model surface, in. 

Height of unshielded thermocouple probe above 
model surface, in. 
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PRINTOUT PAGE TWO 

All heading information is identical to page one. 

TG-I - TG-19 Gardon gage case temperature, °R 

PRINTOUT PAGE THREE (UNSHIELDED TEMPERATURE PROBE CORRECTIONS) 

All heading information is identical to page one. 

AO0 - A04 Calibration constants 

ETAO Effective probe recovery factor 

LOOP Data point identification number 

MOI Local Mach number at survey point 

PO Tunnel stilling chamber pressure, psia 

POOl Local interpolated pitot pressure, psia 

ROD Local Reynolds number at survey probe 

TO Tunnel stilling chamber temperature, °R 

TOO1 Local corrected total temperature at survey 
point, °R 

TOUM Onshlelded thermocouple probe reading, °R 

UOI Local flow velocity, ft/sec 

XP Probe longitudinal location, counts 

ZOT Height of unshlelded thermocouple probe above 
model surface, in. 

PRINTOUT PAGE FOUR (BOUNDARY-LAYER VALUES) 

All heading information is identical to page one. 

DEL 

DEL* 

DEL2 

DEL3 

DEL4 

H1 

H2 

RHOED 

TED 

UOED 

Boundary-layer thickness, in. 

Displacement thickness, in. 

Momentum thickness, in. 

Kinetic energy defect, in. 

Total enthalpy defect, in. 

Shape factor, DEL*/DEL2 

Shape factor, DEL2/DEL3 

Static density based on TED, Slugs/ft 3 

Total temperature, at boundary-layer edge, °R 

Plow velocity at boundary-layer e~ge, ft/sec 
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AROwINC " AEDC DIVISION 
A 8VKRDRUP CORPOPATION CONPANY 
Y0N KARNAN GAS DYNAHIC& FACILITY 
ARNOLD AIR FORCE STATZOHj TERN PROJECT RO VSIB-H6A 

BAHBO/DOTH HYPERSONIC TURBULENT BOUNDARY LAYER 
PHASE Z 

INVESTIGATION 

DATE COMPUTED 
DATE RECORDED 
TIRE RECORDED 

|6-JUN-7$ 
)0-JANe78 

0112137 

GROUP 36 
N( IHr ) •  S,9S 
HE(Zwr)s 4,7318~06 PER rT 

DATA TYPE 
OVERHEAO PPOBE 

LOOP PO TO 
|PSIA) (DYGR) 

1 249,52 047,7 
2 249,73 84507 
3 249,62 84607 
4 249,42 847,7 
S 249,22 m45,7 
6 ~48,72 847,7 
7 249,42 145,7 
8 249,83 047,7 
g 249,22 847,7 

10 249,22 847,7 
11 250,03 846,7 
12 251,74 845,7 
13 253025 m~207 

. 14 ~5J,94 046,7 
1S 25t,74 848,7 
16 249.02 04907 
17 248,42 845,7 
18 249032 84707 
19 240,62 847,7 
20 252,14 04307 
21 ~SI,74 04~07 
22 250,93 04407 
23 ~5t.44 84S,7 
24 250,73 84707 
25 251,14 044.7 
26 260,83 045,7 
27 251,14 047,7 
28 250,33 847,7 
29 250,93 84707 
30 250013 94507 
31 250043 84707 
32 250013 849,7 
22 249,62 84907 

ALPHA MODEL • o0008 DEGo DEN PT•'22000 
ALPHA PB • 13000 OEG, (DEG r )  
ROLL • 90,36 OEGo 

PROBE OTATIOH • 39000 IN, 

CONFIGURATION 
?oDEG CONE 

PINt POP ZD PO0 POO/POP 
(PSIA) (PSZA) (IN) (PSTA) 
0,166 7,661 000060 0,568 0,074 
0,167 7,667 0,0135 1,383 0,180 
0,166 " 7,664 0,0255 2,219 00289 
0,166 70658 0 ,03)S"  20517 0 , | 2 0  
0.166 7.651 0,0435 2,730 0,3S~ 
0,166 7,636 0.0535 20942 0,383 
00166 7,6S8 000640 30188 0 , 4 | 6  
0,167 7,670 0,0739 3.42S 0,446 
0,166 7,651 000840 3,692 0,481 
00166 70651 0,0945 30930 0,513 
fl,Sb7 70676 0,1035 4,205 0,547 
0,168 7,72g 0,1240 40812 00626 
0,169 7,775 0.1430 S,368 0,699 
0,168 7.735 0,1630 5,993 0,780 
0,569 70729 001845 6,666 00868. 
0.166 7,645 0,2030 7,24S 0,943 
00166 • 7.627 0,2250 0.002 1,042 
0,166 7.655 0,2440 0,761 10140 
0,166 70633 0,2635 9,500 1,237 
0,168 7,741 0,2835 10.384 1,352 
0,16P 70729 003035 10,997 1,435 
0,S67 7,704 003230 11,498 1,497 
0,169 7,719 0,3425 11,808 1,547 
0.167 7,698 0,3640 120122 1,578 
0,167 7,710 0,3840 120252 1,59S 
0,167 7,701 004025 12,314 1,603 
O,167 7,710 0 , S O S 0  22,336 1,606 
0,167 7,685 0,6050 12.298 1,601 
00167 7,704 0,7030 120272 1,597 
00167 7,679 1,0045 12,218 10S90 
0,167 7,609 2,0020 11 ,8 |4  10538 
00167 7,679 30004§ 110247 10464 
0,160 70664 400020 70001 00997 

SOT 
(IH) 

-0.0000 
0,0074 
0,0194 
0,0274 
0.0374 
000474 
0,OSTg 
0,0674 
0,0779 
0,0884 
0,0974 
0,1179 
0,1369 
0,1569 
0,1784 
0.10S9 
0,2tog 
0,2319 
0,2574 
0,2774 
0,2974 
0,3t69 
0,3364 
0,3579 
0,3779 
0,3964 
0.4969 
0,S900 
0,6968 
009963 
|,9g67 
2,990S 
209966 

ROSE RADZUIeZN 
SHARP 

TOO TOO/TO pHI TH! 
(DEGR) 

756, 0,093 0,332 1420 
762, 0,g00 0,332 742, 
7630 00901 0,332 7420 
764, 0,002 0,333 742, 
765, 0,903 00333 742, 
7660 0.904 0,3)2 742, 
768, 0,907 0,332 742, 
7700 0,009 0,332 742. 
772, 0,912 00332 7420 
773, 00913 0,332 7420 
774, 0,914 0.334 7420 
777, 0,917 00336 7420 
780. 00922 0,337 742, 
784, 0,926 0,336 7420 
789, 00932 0033S 7420 
701, 0,934 0,333 7420 
793, 0,936 0,332 1420 
7940 0,930 00332 742, 
7940 0,930 0,332 742, 
793, 0,936 00335 7420 
702, 0,93S 0,335 742, 
791, 0,934 0,335 7420 
7900 0,933 00335 742, 
789, 0,932 0,335 7420 
7880 0,930 0,334 7420 
7070 0,929 0,335 742, 
7070 00029 00334 7420 
7870 0,929 00334 7420 
707o 00929 0,334 7420 
7070 0,929 0,336 7420 
7870 00929 00233 7420 
707e 0,929 00234 7420 
7000 00930 00231 74a, 

TRIP 
NONE 

I oo 

j~ 
(I) 

sn 
0o  

O < 
(D 
~s 

(13 
G. 

0 

~J 

0 
I 
~J 

t+ 



PAgE TNO GROUP )6 

LOOP 

34 
9S 
)8 

PO Tfl PXNP 
(PSIk)  (DEGR)  (PAX&) 

| 5 0 . ~ 3  147,7 0.162 
|40032 04707 00160 
| 4 9 , 0 |  04S07 00106 

POP 
(PGIA) 
?,60~ 
7gAgS 
7064S 

~O PO0 POO/POP EOT TOO TOO/TO 
(IN) (PSlA) (IN) (DEGR) 

404900 70650 00900 4.49~5 7870 000~9 
009985 12.100 ~0S7S 00992) ?070 00020 
00~400 12.060 1 o 5 7 1  002429 7800 00092 

PMt 

Oo))] 
0o$1] 
0 , )1 )  

MEAN VALUE8 
PO • | S 0 . | )  PSlk U(ZNp)m | 0 iSoS  FT/gE¢ 
TO m 84605 DEGR O(ZNr)• 4011S PSIA 
PCZNF)m 001661 POZA T(ZNP)• 104.8 DEGR 
RE(ZNF)m 00473E÷07 PER FT pop • ?gAg PSZA 
NU(XNr)i 0 ,043E-07 L B r o g t c / r f J  RHO(XNF)i 0 0 | 3 4 E - 0 ]  G~OGi/FT) 
XP • o l ,  CTG 

TUI 

74|0 
7420 
74|e 

O~ 



ARO, IHC - AEDC DIVISION 
A 8VERDRUP ¢ORPORATIOH COHPANY 
yON K&RNAN GAS DTNONIC6 FACILITT 
ARNOLD AtR rORCE STATIONp TENH PPOJECT HO V41EeH6A 

SANSOIDOTR HYPERSONIC TURBULENT BOUNDARY LAY~R INVfSTIGATION 
PHASE I 

DATE CONPUTED |6-dUN-TO 
DATE RECORDED )O-JAN-T0 
TINE RECORDED 0t1 |157  

O~ 

GPOUP 36 
N(INF)• 5,95 
~E( |BF)•  4,7310~06 PER FT 

ALPHA HODEL • -0,08 DEG, 
ALPHA PS • t3,O0 DEG, 
ROlL • 90o36 DEO, 

DEW pT•-22000 COHFIGURATION HOSE RADIUSwZH TRIP 
(DE. r )  7-DEO CONE SHARP HONK 

DATA TYPE 
OVERHEAD PROBE PROBE 8TATIOH • 39,00 IN, 

~OOP TG-I TG-2 TO-3 .TG-4 ,TG-5 TG-6 TG-7 TG "0 TG "9 TG-IO T~*I |  TG-|2 TG-13 TG-14 TG-IS TG-16 TO-IT TG-20 To-IS 
DFGR DEGP DEGR DEGR D~GR DEGR DFGR DEGR DEGP DEGR DEGR DEGR DEGR DEGR DEGR DEGR DEGR DEGR DEGR 

4 
S 
6 
7 
$ 
9 

SO 
St 
12 
t3 
t4 
iS 
16 
|7 
10 
19 
20 
21 
22 
23 
24 
25 
26 
~7 
28 
29 
]O 
31 
32 
33 
34 
]S 
36 

742, 749, 750, 752, 752, 753, 753, 753, 754, 7S3, 754, 75S, 756, 750, 759, 764, 764, 743, 73| ,  
742, 749. 750, 752, 752, 753, 752, 753, 754. 753, 754, 755, 756, 758, 759, 764, 764, 743, 730, 
742, 749, 750, 752, 752, 753, 752, 753, 754, 753, 7540 755, 756, 757, 759, 764, 764, 743, 738, 
742, 749, 750, 752, 752, 753, 752, 753, 754, 753, 754, 755, 756, 757, 759, 764. 764, -743, 730. 
7420 749, 750, 752, 7520 7S3, 752, 753, 754, 753, 754, 755, 756, 757. 759, 764. 764, 743* 730, 
7420 749, 750, 752, 752, 753, 752, 753, 754, 753, 754, 755, 756, 750, 7IS 0 "764, 7640 7430 7300 
742, 7490 750, 752, 752, 753, 752, 753, 754, 753, 754, 755~ 7560 757, 759, 7640 764, 7430 7300 
742. 749. 750, 752, 752, 7530 752, 753, 754. 7530 7540 755, 756, 757, 759, 764. 764, 743. 730, 
742, 749, 750, 752, 752, 753, 752, 753. 754, 7S3, 7540 755, 756, 7S7, 7S9, 764, 764, 743, 730, 
742, 749, 750, 752o 752, 753, 752, "753, 754, 753, 754, 755, 756, 750, 759, 704, 764, 743, 730, 
742, 749, 750, 751, 752, 753, 752, 753, 754, 753, 754, 755, 756, 757, 159, 766, 764, 743, 731, 
742, 749, 750, 751, 752, 753, 752, 753, 754, 753, 754, 7S5, 756, 757, 759, 764, 764, 743, 730, 
742, 749, 750, 751, 7520 752, 752, 752, 753, 752, 754, 755, 755, 757, 759o 763, 764, 7430 730, 
742, 760, 750, 751, 75| ,  752o 752, 7520 753, 752, 754, 755, 755, 757, 7500 763, 764, 743, 730, 
742, 740, 750, 751, 751, 752o 752, 752, 753, 752, 754, 755, 755, 757, 750, 763, 764, 743, 7300 
742, 749, 750, 751, 752, 752, 752, 753, 754, 752, 754, 755, 756, 757, 7S9, 763, 764, 743, 730, 
742, 749, 750, 751, 752, 753, 752, 753, 754, 753, 754, 755, 756, 7570 759, 764, 764, 743, 730, 
742, 749, 750, 751, 752, 753, 752, 753, 754o 753, 754, 755, 756, 757, 759, 764, 764, 743, 730, 
742, 749, 750, 751, 752, 753, 752, 753, 754, 753, 754, 755o 756, 757, 759, 764, 764, 743, 7300 
742, 749, 750, 75 i ,  75 i ,  752, 7520 752, 753, 752, 7540 755, 756, 757, 7So, 763, 764, 743, 730, 
742, 749, 750, 751, 751, 752, 752, 752, 753, 752, 754, 755, 756, 757e 750, 763, 764, 743, 731, 
742, 749, 750. 751, 75| ,  752, 752, 752, 753, 752, 754, 755, 755, 757, 759, 763, 764. 743, 731, 
742, 749, 750, 751, 75| ,  752, 752, 752, 753, 752, 754, 755, 756, 757, 759o 763, 764, 743, 730, 
742, 749, 750, 751, 752, 752, 752, 752, 7530 753 ,  754, 7550 756, 757, 7590 7630 764, 743, 730, 
742, 749, 7500 75| ,  752, 7S20 752, 753, 754o 752, 754, 755, 756, 757, 7SO, 7630 764, 743, 738, 
742, 749, 750, 751, 752, 752, 752, 752, 753, 752, 754, 755, 756, 7570 7SO, 763, 764, 743, 730, 
742, 749, 750, 751, 752, 753, 752, 753, 754, 753, 754, 755, 756, 757, 759, 7640 764, 743o 738, 
742, 749, 7500 751, 752. 753, 752, 753, 753, 753, 754, 7 Is ,  756, 757, 759, 764, 764, 7430 7300 
742, 749, 750, 75 i ,  752, 753o 752, 7530 753, 753, 754, 755o 7560 757, 7590 764, 764, 7430 730, 
7420 7490 750, 751, 752, 753. 752, 753, 753, 753, 754, 755, 756, 757, 759, 764, 7640 743, 730, 
742, 749, 750, 751, 752, 753, 752, 753, 7540 753. 754, 755, 756, 757, 759, 764. 764, 743, 730, 
742, 749, 750, 752, 752+ 753. 752, 753, 754, 753, 754, 7IS, 756, 757, 7590 764, 764, 743, 730o 
~420 749, 750, 752o 752, 753, 753, 753, 7540 753, 754o 75S, 756, 7500 769, 7640 7640 743o 7300 
742. 7490 750, 752, 7S2, 753, 753, 753, 7540 753, 7540 7550 756, 7580 759o 704e 764, 743, 731o 
762, 749, 7Slo 75~, 752, 75] ,  753, 753, 756, 753, 756, 756o 756, 7Sic 7SO,  764, 746o 746, 730, 
~42, 749, ?St, 750, 752, 753o 753, 753, 754, 753, 7S4, 756o 756, 7St,  759, 764, 761e 744, 751, 

* ,1 : *  "+ ~ i 



AROeIPC - AEDC DIVISION 
A BVERDRUP CORPORATZON COMPANY 
VON KARMAN GAB DTHANZCB FACZLZTY 
ARPOLD AZR FORCE GTATZONw TERN PRO4ECT NO V41B~N6A 

6AMBO/DOTR HTPERBONIC TURBULENT DOUNDART LAIER 
PHASE Z 

ZNVEBTIGATZON 

DATE CONFUTED 
DATE RECORDED 
TZNE RECORDED 

It-RUN-TO 
|OoJAgoTO 

08121]7 

Go 

GROUP 36 ALPHA 
M(INp)• 8,95 ALPHA 
RE(INF)u 4,TJIE÷OB PER rT ROLL 

HODEL • "0,00 DEG,  DEH'PT•']2,O0 
PB m 13,00 DEG, (DEG r )  

m 90036 DEO, 

UNBHZELDED TENPERATUPE PROBE CQRRECTZON5 
OVERHEAD PROBE 

PROBE DTAT|ON • 30,80 |N,  

LOOP RUT PO TO POO! 
(IN) (PSlA) (DEGR) (PSXA) 

1 -0,0000 249,52 047,7 00331 
2 000074 ]49.73 245,7 00725 
3 0,0194 249,62 846,7 1,798 
4 0,0274 249,42 04707 20292 
B 0,0314 249022 |45o7 2,604 
6 0,0474 248072 847,7 2,0J8 
7 0,0579 249o42 545,7 3,046 
8 0,0674 249,~3 047,7 3,273 
0 0,0779 249,22 94707 30537 

10 0,0884 249022 845,7 3,796 
t l  0,0974 250,03 84607 40026 
12 0,1179 2S1,74 845,7 40632 
13 0,1369 ~53,25 842,7 5.190 
14 0,1569 251,94 946,7 5,803 
IS 0,1704 251,74 848,7 6o476 
16 0,1969 249,02 8 4 m 0 7  7,055 ; 

f 17 0,2809 248,42 84507 7,792 
18 0,2379 249o32 947,7 8 .5 | 0  
10 0,2774 240,62 04707 90269 
20 0,2774 292,14 84307 10,114 
21 0,2974 251,74 84~,7 10,010 
22 0,3169 250,93 044,7 18,341 
23 0,3364 251044 m45,7 11,766 

. 24 0.3579 250,73 84707 12.095 
2S 0o3779 251,14 04407 12,212 
26 0,3964 250,03 845,7 12,293 
27 0,4909 251,14 847,7 120334 
25 OoSgt8 250033 04707 12,300 
29 0,6968 250,93 04707 120273 
30 0,9953 250,13 045,7 12o219 
31 1,0957 250,43 04707 11 ,0 |7  
32 2,0981 250013 84507 110250 

ROOt/NO NOZ RO0 

0,0013 0,09 3.84 
0,0029 1,12 50,97 
0,007] 1,95 103,07 
0,0092 2,23 124.$4 
0,0104 2,3P 137,08 
O,Olt )  2,49 145071 
0,012] ]oSg 154,55 
0,0131 2,60 163,36 
0.0142 2,80 173,45 
0,0152 2,91 183,48 
000161 3,00 192.29 
0o0185 3,23 ]15,29 
0.0207 3,42 235,94 
0,023]  3063 250010 
000259 3,R4 ]01o69 
0,0272 4001 3n2067 
000311 4o22 329050 
0.0340 4o41 356010 
0,0370 4061 304,00 
0,0404 4,82 416010 
0o0432 4o90 442,72 
000453 5o10 463,10 
0,0470 5,20 470,69 
000482 5,27 491,19 
0,04fl8 5030 497078 
000491 5,32 501,56 
0,0493 3033 503010 
000492 6032 501081 
000490 5031 500,82 
000450 6,30 490070 
000472 So11 403,75 
000450 S,00 46~,BS 

CDNrXGURATZON 
T-DEG CONE 

NOB| RAD|U|p|H 
|HAHP 

ETAO TOO/TO TOOZ TO, Z/TO UOZ 
(DEGR) (FT/SEC) 

0,925 0.89]  756, 0,00$ 123,09 
0,922 0,900 774, 0,914 1361,02 
0,920 0,001 790, 0,933 2024,54 
0,920 0,902 795, 0,940 2181,36 
0,920 0,003 799, 0,944 2260030 
0,919 0,904 |OJ, 0,047 2307,94 
0.910 0,907 805, 0,051 2384,9| 
O,�lg 0,009 808, O,gS5 2398,05 
0,919 0o912 812, 0,970 2442,60 
0,910 Oogl$ 014, 0,962 2480,67 
0,018 0,914 |16,  0,968 2511,77 
0,919 0,917 022, 0,071 2584,1| 
0,911 0,921 027, 0,977 2640,25 
0,917 0,926 034, o,gos 2694,37 
0,917 0,932 1480 0,093 2746o57 
0,916 0,934 844, • 0,998 2782,10 
0,926 0,934 848, 1,002 2821,04 
0,916 0,936 851, 1,005 2852,50 
0,915 0,939 852. 1,007 2879,10 
0,915 009)6 852, 10007 2903o16 
0,914 0,938 852, I ,007 2920,10 
0,924 0,934 8S2, 10006 2931,30 
0,914 0,933 851, 1,006 2938,97 
009|4 0,932 N51, 10005 2943,33 
0,914 0o930 8500 1,004 2944,72 
0,914 0,920 849, 1e003 2944,52 
0,914 0,920 N40e 10003 2945,35 
0,014 00929 049, 1,003 2944,66 
00914 00920 0400 10003 2044012 
00014 00929 049o 10003 2943001 
0,914 00929 8400 |mOO] J9)4 ,§2  
00014 00920 8480 | , 0 0 |  29~1060 

TRZP 
HONE 



) 

PAGE TWO GROUP 36 

hOOP ZOT PO TO POGZ 
(IN) (PSZA) (OEGR) (PSZA) 

33 30995S 949062 84S07 70606 
34 40499S 9 5 0 0 2 3  1 4 7 o ?  706S0 
30 00g933 949,33 847,T 13,390 
36 0,9439 249003 |?So? 8,718 

CALIBRATION ¢ONBTANTG 
AO0• 9,961E-01 A01• -§,S40Eu04 

POOZ/PO HOI ROD ETAO TOO/TO TOOZ 
(DEGR) 

0.030? 4019 337096 00916 0,930 0430 
000306 4018 397013 00916 00939 8 4 | ,  
000480 0030 498083 00914 00039 8490 
000348 4047 366038 00916 00939 8460 

AOIo O,O00E*O0 AO3u Oo000E~O0 A048  0,000|*00 

NEAH VALUE6 
PO n 3S0,33 P8ZA U[ZNr)n |9 |6 ,S FT/SEC 
TO n 0460S DEGR G(ZNP)m 4,13S PSZA 
PCZNr)n 001668 P?ZA T(ZNr)a t04o8 DEGR 
RE(ZNF|u O,4?3E�OT.PER PT POP • 7069 PSZA 
NU(ZEF|• 00843Eo07 LBF-|ECIFT| RHp(ZNP)n 00114E00] OLUGS/rT) 
XP a 01o •TO 

TOOZ/TO UOZ 
(rT/61C) 

00996 9807,44 
0,904 9804000 
1,00$ 3943,03 
0e999 98|0,9Y 

~D 



AROoZNC " AEOC DIVISION 
A |VERDRUP CORPORATZON COMPANY 
YON KARNAN GAB OTNANICH fACILITY 
ARNOLD AIR rORCE |TATZQNw TENT 

GROUP 36 
H(TNr)m SoSS 
P E ( z w r ) •  4 , 7 3 1 0 ~ 0 6  PER rT 

DATA TYPE 
OVERHEAD PROBE 

BOUNDARY bAYER VALUE& 

PROJECT NO V41DoN6A 
BANSOIDOTR HYPERSONIC TURBULENT BOUNDARY LAIIR INVEDTZGATZOH 

PHASE Z 

ALPHA NOBEL • - O o O O  DEGo 
ALPHA PB • 1 2 , 0 0  DEGw 
ROLL • 00026 DEGo 

DEN P T • ' 2 J , O 0  
(DEO r )  

CONFIGURATION 
Y-DIG COHI 

PRORE 8TATIGR • $ 9 , 0 0  IEo 

DATE CONPUTED 
DATE RECORDED 
TZHE RECORDED 

HOlE RADIUHwXN 
INAmP 

| 6 " d U H ' ? I  
]OudAH'?O 

01111)7  

TRIP 
ROHE 

~d 
C~ 

D[L • 003491 IN,  
DEL~ • 001400 IN ,  
DEL2 • 000126 ZNo 
DEL3 • 0 , 0 2 3 2  ~N, 
OEL4 • 0.0026 IRe 
HI • 1107809 
H2 • 005416 
TED 8 | 5 | 0 0  OEGR 
TOED• 2 • 4 t o ]  FT PER &ECOND 
RHOEDw ~01900"04 8LOGH PER r T ]  

HEAR YALUE8 
PO • 280023 PSIA 
TO • 0460S DEGR 
P ( Z R r ) •  001660 PBZA 
RE(ZNF)•  O.473EROY PER FT 
RU(ZNF)• Oo|4$EeO7 LBVo&BC4PT| 
Xp n " | 0  CTG 

u(zNr)a 290s,s rTIHEC 
O(ZNr)m 4 ,1 |6  PaX& 
T(ZNr)n |04o$ DEGR 
POP u 7,60 P&ZA 
RHO(INr)u  0 o 1 $ 4 0 o 0 |  JLUGD#FT] 


